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The invention relates to a system for the simultane-
ous step-by-step setting of a number of movable elements,
each of which is provided with a signalling-back device
that signals back the position reached by the element co-
operating with it by closing or opening of signalling-back
contacts in one or more circuits in a group of signalling-
back circuits.

Such a system can for instance be used for setting
display boards possessing one or more groups of settable
display units which are capable of showing letters and
fisures. Such a display board may be used for stock
quotations or similar data. The system can also be used
for setting mechanical storage devices and other settable
devices.

According to the invention the system is built in such a
way that all the movable devices which are to be set,
insofar as they have not yet reached their eventual posi-
tions, are stepped forward by means of electrical or me-
chanical stepping pulses derived from a common source.
The motion through a full step for all elements takes
place each time in a stepping interval which is common
for all elements, while all the elements remain at rest dur-
ing the rest intervals occurring between two successive
stepping intervals. In each rest interval during the set-
ting operation, a programming arrangement controls a
magnetic storage system to supply successively indications
in an electric code of the eventual settings of elements
to be set, to a comparison circuit. These code indica-
tions are stored in the storage system. The programming
arrangement selects, by way of programming connections,
an element when its eventual setting is supplied by the
magnetic storage system. The selection is effected by per-
mitting the signalling back of the position of this element
to the comparison circuit and by establishing a control
connection between the control device controlling the sup-
ply of stepping pulses to the selected element and the com-
parison circuit. By means of this connectjon the compari-
son circuit controls the control device to permit the supply
of the next stepping pulse to the element if the comparison
circuit does not establish equivalence of the code indica-
tions received from both sides, and to suppress the influ-
ence of the next stepping pulse on the element if equiva-
lence is established.

In a very effective embodiment of the invention each
movable element is driven by its own stepping electro-
magnet. The control device consists of an electronic
switch in the pulse supply circuit of the stepping magnet
controlled by a bi-stable trigger circuit. The trigger cir-
cuit is triggered by the programming circuits of the stor-
age device into the condition in which it controls the
switch so that it passes the stepping pulses from the com-
mon source to the stepping magnet before the start of the
first comparison in a complete cycle of comparisons. The
settings of all elements to be set are compared in such
complete cycle with the code indications received from the
storage. The trigger circuit controlling the pulse supply
to the stepping magnet of an element is triggered back into
the condition in which it controls the switch to suppress
the stepping pulse supply to the stepping maguoet by way
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of an “and” circuit by means of the combined influence
of the voltage supplied by the comparison circuit when
establishing equivalence and the voltage applied by the
programming circuit in the storage system when selecting
said element.

The systems may be used to set the elements of one
single group as well as the elements of a group selected
from a number of groups. In an effective system of the
latter type the stepping pulse circuit for the stepping mag-
nets of the corresponding movable elements of the various
groups of elements is controlled by a single control cir-
cuit. One end of the windings of all stepping magnets
of these elements is connected to the pulse circuit, while the
other ends of the windings of the stepping magnets of the
movable elements belonging to the same group can be
connected to one pole of the common pulse source by
way of a switching device used for the purpose of select-
ing a group. One side of the corresponding signalling-
back contacts of the corresponding movable elements
of different groups is connected by means of multiple
wires, and the other side of all signalling back contacts of
all elements belonging to the same group can be connected
to a potential suitable for signalling-back by a switching
device selecting a group. The multiple wires connected
to the signalling-back contacts of the corresponding ele-
ments in different groups are connected by way of “and”
circuits or gate circuits to circuits in a connection to the
comparison system when the storage system, while select-
ing the element in the group, applies a selection potential
to all “and” or gate circuits of the said multiple.

The time intervals available for the control of the set-
ting of the elements between the successive stepping pulses
are very short so that only electronic apparatus is capable
of effecting it. No such restrictions apply to the selection
of a group to be set simultaneoulsy out of a number of
such groups. For this purpose normal electro-magnetic
relays, which, as a rule, operate even quicker than step-
ping magnets are sufficient. Systems of the type described,
however, operate as a rule in synchronjsm with a source
of synchronizing pulses and the frequency of these pulses
is adapted to the high speed of operation of the electronic
apparatus, so that it is far too high for controlling the
excitation of electro-magnetic relays. Therefore, in an
effective embodiment of the invention, the operation of
the group selection relays is controlled by a separate
source of slow synchronizing pulses.

According to the invention the selection of the group
of elements to be set can be controlled by information
stored in the storage system. Under these circumstances
it would be possible for a wrong group to be selected as
the result of the excitation of wrong selection devices or
the wrong selection relay. In order to prevent the setting
of such a wrongly selected group, according to the inven-
tion, the system can be built in such -a way that each
selection device or selection relay in the condition in which
it effects the selection is controlled by a control voltage
applied to a programming conductor by the storage sys-
tem. The device or relay supplies the code indication,
by means of which it is to be selected, to the comparison,
circuit at the same moment at which the storage system,
after the selection, again supplies the code controlling the
selection to the comparison circuit. The comparison
circuit during this checking operation, is connected to a
device capable of interrupting the operation of the sys-
tem and, in the case of non-equivalence, controls this
device to effect such an interruption.

In many cases the elements to be set signal back the
positions reached in a shifting or chaincode, while the
eventual settings are stored in the storage system in some
well known other code, such as a teleprinter code, which
is not subjected to the restrictions of the chaincode. In
these cases, according to the invention, a code converter
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is inserted either in the comnection between the storage
system and the comparison circuit or in the connection
through which the signalling-back is effected.

It is desirable for the setting operation to be inter-
rupted as soon as possible after all elements have reached
their eventual positions. According to the invention, for
this purpose the system is built so as to interrupt the set-
ting operation as soon as, during a cycle in which the
positions of all elements of the group to be set are com-
pared with the registrations in the storage system, non-
equivalence has not been established in any case.

In a system according to the invention a ring or mag-
nefic core matrix storage can be used in the storage sys-
tem. In this case, preferably, each line in the matrix
stores the code for the eventual setting of one element.
A programming system, such as a ring counter, succes-
sively selects the lines of the matrix and applies control
voltages to the various programming wires. A mag-
netic drum storage may, however, also be used.

The invention will now be elucidated by describing the
circuits of three display boards having the display units
which are controlled according to thé“invention. In the
description reference will be made to “the drawings, in
which;

FIG. 1 shows a display unit used in the boards;

FIGS. 2, 3, 4 and 5 placed side by. side in this order
show the control circuits of the board;

FIG. 6 shows a checking system for the group selec-
tion;

FIG. 7 shaws a magnetic drum memory system to be
used in a display board according to- the invention;

FIG. 8 shows an “and” circuit; and

FIG. 9 shows a general outline of the system.

In the embodiments of the invention described below
various components and circuits are used which are well-
known in the art of building computer systems and de-
scribed e.g., in the book by R. K. Richards: “Digital
computer components and circuits” (D. van Norstrand
Company, Inc.). = Said components and circuits will now
be enumerated. -

(1) The “and” circuit shown in FIGURE 8. ‘This
circuit possesses a number of input circuits such as A,
B, and C, each comprising a diode and an output cir-
cuit D. A ‘voltage, which is higher than the voltages
which are supplied to the input circuit, is connected by
way of a resistance to the output circuit D. As long as
the potential of the input circuits is low the output cir-
cuit will also have a low potential. If one or two of the
input circuits have a high potential the diode in the input
circuit with the lowest potential still. remains conductive,
so that the output voltage remains low. Only if all the
input circuits have a high potential will the output volt-
age at D be high too.  Instead of this “and” circuit, nor-
mal gating circuits comprising grid controlled electronic
tubes can be applied. . Its symbol is a circle with a point
in its centre with arrow heads for the input circuits and
a radial line for the output circuit (see 459, FIGURE 4
and FIGURE 8). )

(2) The “or” circuit has the same character as the
“and” circuit, but the direction of the diodes is reversed
while a voltage, which is lower than both “bit voltages”
is applied to the resistance. As long at the input circuits
have a low potential the output voltage will also be low.
As soon, however, as one of the input circuits receives a
high potential the diodes in the other input circuits are
blocked, so that the output voltage becomes high.

“And” and “or” circuits are described on page 38 of
the above mentioned book.

The “and” and *“or” circuits described react to the oc-
currence of high voltage bits. If the circuits are to react
to low voltage bits the “and” circuit described is suitable
as an “or” circuit and the “or” circuit described can be
used as an “and” circuit.

(3) Trigger circuits or flip-flop circuits. A bi-stable
trigger circuit is a circuit including two voltage controlled
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electronic devices such as grid controlled electron tubes
or transistors. The connections are.such that if one of
the devices conducts, it applies such a voltage to the con-
trol element of the other device that this other device is
either blocked or carries a low current. Consequently
this system has two stable states and cannot be in any
other state. There are two input circuits or -control cir-
cuits. connected to the two control elements of the two
electronic- devices e.g. to the grids of the two tubes, by
which input circuits the state of the trigger circuit can
be changed. If e.g. a negative pulse is applied to the
grid of a conductive tube of a trigger circuit, the circuit
is switched over. There are, as a rule, two output cir-
cuits, each connected to the anode circuit of one of the
tubes if electron tubes are used, or the collector circuit
if transistors are used. One of these output circuits has a
high potential if the one condition of the circuit prevails
while the other has a high potential in the other condition
of the trigger circuit. Similar circuits are built with
transistors, and in this case the switching is generally
effected by applying a positive pulse to an input circuit.
The symbol of a trigger circuit used in the figures of this
specification is a rectangle with two input circuits enter-
ing it at the top and two output circuits leaving it at the
bottom. In the specification the following convention
as to the conditions is employed. One of the conditions
is called the set condition, and the other the reset con-
dition. - The set condition is caused by applying a posi-
tive pulse to the lefi-hand input circuit, the reset condi-
tion by applying a positive pulse to the right-hand input
circuit. In the set condition the left-hand output circuit
has a high potential and the right-hand oufput circuit a
low potential, while in the reset condition this relation is
reversed. This circuit is the so-called bi-stable trigger
circuit with two stable conditions. In some cases a
mono-stable trigger circuit is used which, after being set,
returns within a given time interval to its reset condition.
In the drawings the same symbol is used for this circuit
as well as for the bi-stable circuit. Both circuits are well-
known in the art and-described in the above mentioned
book under the name of flip-flop circuit and in many
other publications.

(4) Magnetic matrix storage devices. The operation
of these devices may be derived from the specification,
while they are moreover described in chapter 8 of. the
above mentioned book.

(5) Magnetic drum storage devices which are also
described in the above mentioned book e.g. on page 297
and in chapter 7. They are, moreover, well-known in the
art.

(6) The code recognizer, Various circuits may be
used for this purpose and are well-known in the art. A
short description -of an examplé will be given. This ex-
ample comprises a matrix circuit constructed more or less
as the matrix shown at the lower right-hand side of FIG-
URE 2. For every bit in the code signals out of which
certain signals must be recognized, the matrix comprises
two wires of a first type, one of which has a high potential
if the bit is 1 and the other of which has a high potential
if the bit is 0. These wires run through the matrix in
one direction.. For every signal to be recognized, the
matrix comprises a wire of the second type in the direc-
tion transverse to the first one. This wire is connected by
a diode to each wire which obtains a high potential if
the signal to be recognized is applied. This requires as
many diodes for each of the wires of the second type as
there are bits in the signals. The diodes are arranged
according to an “and” circuit and consequently the said
matrix wire will only obtain a high potential if the sig-
nal to be recognized is applied.

(7) Code converters. - Various constructions for these
circuits are well-known in the art. They may consist of
a combination of a code recognizer, comprising a wire
for every possible signal which can be applied to the con~
verter, and a transmitting matrix of the type described:
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for transmitting back the number of the selected line
selecting relay and shown in FIGURE 6. In this system
each conductor for a certain signal in the recognizer
matrix is connected to an input circuit of the transmitting
matrix for this same signal. Other, and more simpie
converter circuits are, however, well-known in the art.

(8) Comparison circuits. These circuits are well-
known in the art of designing computers, and need not
be described in detail. In a possible embodiment the bits
out of each pair of corresponding bits are applied to in-
put circuits of an “and” circuit for this pair while the in-
verted bits are applied in a similar way to other “and”
circuits. The output circuits thereof are combined by
means of an “or” circuit and the output circuits of these
“or” circuits are combined by “and” circuits in the case
of equality of the code-signals.

The ring counter used in the system is of a well-known
type and does not need description either. It may be
obtained from various publications.

The system according to the invention comprises many
diode switching circuits such as “and” circuits, “or” cir-
cuits, matrix circuits, converter circuits, etc. The num-
ber of such circuits which can be connected in series is
restricted. As soon as the maximum number of such
switching circuits is reached, an amplifier is inserted be-
tween the last switching circuit of a series and the first
of the next series. Cathode follower circuits or similar
transistor circuits are suitable for this purpose. These
amplifier circuits are not shown in the diagrams of the
embodiments described in the specification. They may
form part of converter circuits, comparison circuits, etc.
The insertion of such an amplifier stage does not, how-
ever, change the principle of the system.

In various cases change in the level of control po-
tentials will be necessary between a controlling and a
controlled circuit. The means for this purpose are, as
a rule, not shown but well-known in the art.

TIn the case of certain circuits being repeated many times
in the system, omly one of these circuits is shown more
or less completely with all its diodes and resistances. If
ail these elements were shown in every part of the circuit
it would become so complicated as to be unreadable.

The first embodiment described comprises a display
board on which display umits, each of which may show
various numerals, letters or other signs are set under the
control of a magnetic ring core storage system. The units
are driven step-by-step, each of them by its own stepping
magnet. The display board is used to show a number of
similar data, such as stock quotations. The display units
are arranged in lines. Each line shows information relat-
ing to a certain subject, such as the quotations for certain
shares on different exchanges. The units on a line are
set simultaneously. The system can, however, also be
used for the simultaneous setting of one single group of
units.

The display units applied in the system are no part of
the invention, but the operation of the embodiments de-
scribed can only be understood if the reader is acquainted
with the operation of the type of display unit used.
Therefore a short description of the operation of an ex-
ample of such a unit will be given with reference to FIG-
URE 1. It will be obvious from the further description,
however, that the application of the invention is by no
means restricted to systems comprising units completely
corresponding to the type of unit described by way of ex-
ample. This unit comprises a stepping magnet 101 with
a plunger core 102. The plunger core is driven upwards
by a spring 163 and can be drawn downwards by the
magnetic field generated by the coil of the stepping
magnet.

When moving up- and downwards the core drives, by
means of resilient wire pawls 104, which are carried by a
'small support fixed to the plunger core, a drum 195, which
is rotatable around an axis. FEach of the pawls 104 pos-
sesses a part bent perpendicular to the plane of the draw-
ing, which cooperates with a ratchet wheel with internal
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teeth, such as 106, countersunk in the drum 105. The
two pawls drive the drum in turn when the core moves
up- and downwards. On its outer surface the drum 105
possesses sprockets 107, by means of which it drives an
endless belt 108, provided with openings adapted to the
sprockets. This endless belt passes at the other end of
the unit over a freely rotatable pulley 109, which is situ-
ated immediately behind a small window 110 of the dis-
play board. The endless belt carries a number of signs
on its outer surface. In each position of rest of the belt
reached when the plunger core has returned to its posi-
tion of rest, such a sign is shown behind the window 118,
A code transmitter, cooperating with the belt, signals back
the position reached by the belt, and consequently the
sign shown behind the window. This code transmitter
operates by means of feelers 111, which rest on the belt
near its edges. Each of these feelers is rotatable around
an axis 112, and carries a spring 113, resting against a
pin, and tending to rotate the feeler to the left with its
left-hand end against a contact pin 114. As long, how-
ever, as the feeler 111 rests on the belt 108 the left-hand
end cannot reach this pin 114 because the belt prevents
rotation. In the two tracks of the belt on which the
feelers rest, recesses are present. If such a recess is un-
der a feeler this feeler passes through this recess and a
recess in the supporting strip so that the left-hand end
of the feeler is able to reach the contact pin and closes
a circuit connected to this pin. The unit used in the ex~
ample described possesses six feelers near one edge of the
belt. The track of the belt on which these feelers rest
is provided with recesses, which are arranged according
to a chain- or shifting code. In each position of rest
of the belt, these recesses cause the six feelers to close
circuits in a certain combination, forming a code indica-
tion of the position of the belt and of the sign shown
behind the window. The six feelers provide a binary
code with 6 bits, permitting the belt to be adjusted in
sixty-four and no more than sixty-four positions. Near
the other edge of the belt one single feeler rests on the
belt in a track in which such recesses are present that
either in all possible positions of rest of the belt the num-
ber of circuits closed by all feelers is even, or in all pos-
sible positions the number of circuits closed by the feelers
is odd. This seventh feeler permits the checking of the
operation of the code transmitter and a warning to be
given if incorrect signals are transmitted e.g. because of
deficiences in the feeler contacts or in the circuit con-
nected to them. For this purpose a well-known type of
circuit is connected to the feelers which is able to estab-
lish whether the number of circuits closed by the contacts
is either even or odd, and gives an alarm signal if the
condition in this respect is not satisfied,

The complete circuit diagram of the system now to be
described is obtained by placing FIGURES 2 to 5 side
by side from left to right in that order, while an over-all
impression of the system may be obtained from FIGURE
9. Since FIGURE 9 employs the same components as
do FIGURES 2 to 5, the same reference characters are
employed for like components.

Firstly, the general concept of the system used in a dis-
play board will be described. In such a display board,
there are simultaneously set the display elements belong-
ing to a coherent group of such elements, in accordance
with the registrations of the eventual settings in a storage
in which these registrations are not simultaneously avail-
able for use, but can be obtained only successively. The
display units are driven by step magnets fed by the same
pulse source, so that these units move forward simultane-
ously. Each unit closes and opens a number of signaling-
back contacts in a combination depending on the position
reached, and in this way signals back its position by means
of signaling-back circuits connected to these contacts.
Between successive steps an investigation is made as to
whether one or more of the units have reached their
eventual settings. For this purpose, a programing ar-
rangement successively controls the reading out of all
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locations in the storage that register signals determining
eventual settings of units and the supply of these signals
to a first set of input circuits of a comparison circuit.
At the same moment at which this comparison circuit re-
ceives the signal designating the setting of a certain unit,
the programing arrangement controls electronic switches
to connect the signaling-back circuits of that unit to a
second set of input circuits of the comparison circuit.
It also controls an electronic switch to connect the output
circuit of the comparison circuit to a control arrangement
for an electronic switch in the pulse supply circuit of the
associated unit. This switch was closed by the program-
ing arrangement at the beginning of the setting. If no
equivalence of the signals supplied to the comparison cir-
cuit is established, nothing happens, and the unit can re-
ceive the next stepping pulse. If equivalence is estab-
lished and the unit has apparently reached its eventual
position, the voltage then supplied to the output circuit of
the comparison circuit will cause the control arrangement
to control the opening of the switch in the pulse supply
circuit for the unit, so that the unit will no longer re-
ceive pulses and will remain in the position reached.

The system has two important advantages. The set-
ting can be controlled by a storage, such as a matrix
storage, in which the stored data are not simultaneously
available for use. These storage systems are less expen-
sive and voluminous than storage systems, such as flip-
flop storage systems, in which all data are available for
use at the same time. Moreover, the comparison of the
stored setting and the reached setting can be effected. for
all units by the same comparison circuit.

The units on the display board are arranged in rows
and columns. One end of a winding of the stepping mag-
net 505 (FIGURE 5) of each unit situated in a certain
column of display units is connected to a wire 511, 515,
etc. allotted to this column. The other end of the wind-
ing of each display unit is connected to -a wire which is
allotted to the row on the display board in which the
unit is situated (wires 507, 508 etc.). In this way the
stepping magnet windings 505 are arranged in a matrix.
A stepping. magnet on the display board is excited by
applying a voltage between the wire of the column and
the wire allotted to the row on which the display unit is
situated. In order to prevent the occurrence of currents
in circuits in the matrix which are situated in parallel to
the winding to be excited and which pass through wind-
ings which should not be excited, a diode, such as 504,
is inserted in series with each winding. All these diodes
have the same direction, which in the unit to be excited
and selected by connecting certain wires to the current
source corresponds to the direction of voltage and cur-
rent, but prevents current from flowing in circuits paral-
lel to this magnet.

If the units on a certain row are to be set, then the re-
lay allotted to this row (e.g. 414, FIGURE 4) is excited.
This relay switches over its contact 506 so that the wire
allotted to this row (508) is connected to a source of
pulses with a frequency of 50 cycles per second. The
circuit for a certain stepping magnet of a display unit,
e.g. the element situated in the first column and on the
second row, is as follows: The positive terminal of the
source of stepping pulses, the transistor switch 541, the
wire 503, the transistor switch 582, the wire 511 allotted
to the first column, the stepping magnet of the element
in the first column and the second row, the wire 588 al-
lotted to the second line, the relay contact 506, by means
of which the second row is selected, and back to the
negative terminal of the source of pulses. The circuits
for the magnets of other display units have a similar char-
acter. The relay contact 506 selects the line, but does
not close the circuits. This is effected by the transistor
switches such as 582, 514, in the wires allotted to the
columns. Such a transistor switch is controlled by a bi-
stable trigger circuit such as 501 or 513. The control
of the current in the stepping circuits by means of relay
contacts would operate too slowly.
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As has already been described above, each display unit
possesses seven code contacts for signalling back its posi-
tion. One side of each code contact in an element situ-
ated on a certain row of the board is connected to a wire
allotted to this row (521, 522, 523, 524). When this
row, e.g. the second row, is selected by closing the con-
tact 506, for the purpose of setting the units on this row,
the front contact 528 of the same relay connects the con-
ductor 522, which is connected to the code contacts of
all the display units of this row, to a source of voltage
of 41 volts. In the position of rest this. contact connects
—10 volts to the same wire. Because of this change of
voltage the contacts of the units on the said row are able
to signal back their attained positions. A group of seven
multiple wires such as the group 525 connects the other
sides of the corresponding code contacts of the units situ-
ated in the same column. The wire A, e.g., connects all
first code contacts; the wire' B all second code contacts
etc. In a similar way the multiples 526 and 527 connect
the corresponding code contacts in the second and in the
last column of display units. Each of the multiple wires
connected to the code contacts of a certain column is
connected to an input circuit.of an “and” circuit (a—-g) of
well-known construction with two input circuits. The
second. input circuit of each “and” circuit in the same
column is connected to a programing wire (533, 534,
535) for that column. The potentials which the code
contacts of the unit on the selected row apply to the
multiple wire of its column will only be able to pass the
“and” circuit of this column if a potential differing from
the quiescent potential is applied to the said programing
wire by the programing circuit of the system. In the ex-
ample described this programing circuit is a ring counter
315 (FIG. 3). The output circuit of each “and” circuit
a, situated in the first multiple wire of each column, is

‘connected to an input circuit of the “or” circuit @ in the

group of “or” circuits 532: - Consequently, the potential
determined by the position of the first code contact of the
unit situated on the row selected by the closed contact
528 and in the column in which the “and” circuits are
made conductive by a suitable potential of the program-
ing wire for this-column appears at the output circuit of
this “or” circuit. This potential corresponds to. the first
bit of the code signal, which indicates the position of the
selected display unit. The six other “or” circuits 5—g sup-
ply the six other bits of the signal received from the code
contacts of the selected display unit.

The . code in which the code transmitter of a display
unit signals back the position of the unit by means of
six feelers resting on a track near one edge of the belt is
of necessity a so-called shifting or chain code. In such
a code two successive signals differ therein, that the bit at
one end of the signal has disappeared, all other bits have
been shifted one position in the direction of this lost bit,
while at the other end of the signal a bit has been added.
The setting of the units is controlled by means of a binary
code. This code is not subjected to the restrictions im-
posed upon a shifting code. It may be a well-known
standard code such as a teleprinter code. If a display
unit possesses six ‘code contacts sixty-four different sig-
nals may be arranged from the six bits supplied by these
contacts. If this unit must be able to be set in sixty-four
different positions, in each of these positions one of the
sixty-four different code signals is transmitted, and the
signs on the belt may be arranged in such a way that if a
certain a sign is shown behind the window the code trans-
mitter transmits that code signal which corresponds to
the said sign in the six-bit code in which information is
supplied to the display board. If the information is sup-
plied in teleprinter code, five of the bits produced by the
code transmitter must correspond to the five significant
bits of the teleprinter code, while the sixth bit must corre-
spond to the shift-key signal, which shows whether either
a letter, or a numeral or sign is transmitted. If, however,
the number of signs to be shown is substantially less than
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sixty-four, or at any rate less than the number of signals
which may be arranged with the bits produced by the
code transmitter, it is undesirable to build the unit with a
position of test for each of these signals, because this
would increase the setting time, if, however, the number
of positions of rest is smaller than the number of signals
which can be arranged with the number of code contacts,
the restrictions imposed upon the shifting code will have
the following result: the signals produced by the code
transmitter cannot, as a rule, be adapted to any existing
code, such as a teleprinter code, supplied to the display
board. In this case a code comverter must be applied.
In the example described, such a code converter (536)
is connected immediately behind the “or” circuits 532.
This code converter converts the code produced by the
display units into the code in which the signals are stored
in the storage arrangement of the system, which controls
the setting of the display units.

The code transmitter contacts of all the display units
of the display board are arranged in a large matrix cir-
cuit. In this circuit contacts of units other than the one
selected and situated in other columns are apt to apply
potentials to the multiple code wires of the column of
the selected unit. In order to prevent this application of
the wrong potential, a diode, such as 530, is connected in
series with each of the code contacts, such as 529. The
direction of these diodes is the same for all contacts and
corresponds to the voltage direction in the code circuits.
In this way all by-pass circuits are blocked.

The setting of the display units in the example first
described is controlled by a magnetic core matrix storage
arrangement 338 (FIGURE 3) in which the signals which
indicate the desired settings of the different units of a row
of the board are temporarily stored. The core matrix
possesses a large number of ring-shaped cores of mag-
netic material, such as 339. These cores are arranged in
rows and columns. Each row, (horizontal in the draw-
ing) is used to store the setting of one single unit. For
each row of the matrix a wire such as 340 is arranged
50 as to pass through all cores of that row. This wire
is called the row selecting wire and is used to select the
said row. For this purpose a current is caused to flow
through this row. The strength of this current is such
that the strength of the magnetic field generated by this
current in a core enclosing the wire is equal to 24 of the
field strength necessary for causing the core to be magne-
tized to the extent required for storing a bit. This cur-
rent has one direction for writing and the opposite direc-
tion for reading the row. The matrix possesses seven
columns. A reading and writing wire such as 342 passes
through, all the cores situated in the same column. This
wire is used for writing ‘(storing data in the matrix) as
well as for reading (receiving stored information from
the matrix). For writing only, a substantial current is
caused to flow in this wire and this current has such a
strength that the field generated in each core enclosing
this wire has a strength which is substantially equal to the
strength of the field generated by the current in the select-
ing wire. Furthermore a bias wire 341 is carried through
all the cores of the matrix. In this wire an unvarying
current flows which generates a field in all the cores the
strength of which field is half that of the field generated
by the current in one of the other wires. Because of the
shape of the hysteresis loop of the magnetic material of
the cores (which, as a rule, is a ferrite) this current effects
no perceptible change in the state of magnetization of
a core.

Be it assumed that a row of the core matrix must be
read. A current is then caused to flow through the select-
ing wire 340 of this row with such a direction that the
field caused by the bias wire and the field caused by the
selecting wire have the same direction. The total field
in the cores of the selected row will then be sufficient to
cause each core which at that moment is magnetized in
the opposite direction to reverse its magnetization sud-
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10
denly. This causes a voltage pulse to be induced in the
reading and writing wire 342 passing through such a core.
After the reading of the line all cores are magnetized in
the same direction, the direction of the quiescent mag-
netization. A core magnetized in this way is said to store
a “0 bit” and does not cause a voltage to be induced in
the reading wire while reading is effected. If on the other
hand a signal must be written on the said row, first a read-
ing operation is performed causing all cores to obtain the
quiescent magnetization, after which a current with such
a direction is caused to flow in the selecting wire that
the field generated by it opposes the field generated by
the bias wire. The fleld caused by the selecting wire
will, moreover, dominate, but will be insufficient fo cause
a perceptible change in the magnetization. If nothing
more happens the cores on the line maintain their quies-
cent magnetization and store a “0 bit.” In order to
write a 1 bit in a certain core a current is caused to flow
in the reading and writing wire passing through said core,
which has such a direction that the field generated by
it in the core has the same direction as the field already
generated in the core by the resulting field from the bias
and selecting wire and possesses the strength mentioned
above. A core, situated on the intersection of the read-
ing and writing wire and the selecting wire, will then be
magnetized in a direction which is opposite to the direc-
tion of the quiescent magnetization. Such a core will
induce a pulse in the reading wire passing through it
when the row in the matrix on which it is situated is read.
During the writing operation the current in the selecting
wire 340 is supplied by way of a transistor switch 322,
which is able to effect switching operations while carry-
ing this current, and which is common to all selecting
wires. Current flows through a common supply wire 317,
and a transistor switch 334, which is individually allotted
to the selecting wire but which is not able to close or
break the current without being damaged. During the
reading operating the current flows from the selecting
wire through a transistor switch 333 individually allotted
to the selecting wire, but unable to close or break the cur-
rent, a common wire 318 and a common transistor switch
323 which is able to effect switching operations under cur-
rent. A row in the core matrix is selected by means of
a counter e.g. a ring counter circuit 315 of well-known
construction, which needs no further elucidation. It suc-
cessively applies a switching voltage to each of the differ-
ent wires 335 allotted to the rows of the storage matrix.
These switching voltages are applied to both transistor
switches 333 and 334 allotted to the row selected by the
ring counter, but are insufficient to make these switches
conductive. For the purpose of making such a switch
conductive a control voltage must also be applied to its
second controlling circuit, e.g. because such a transistor
switch is controlled by way of an “and” circuit. Dur-
ing the writing operation such a voltage is applied by way
of the common wire 328, on which a pulse appears at the
writing moment, to all writing transistor switches, such
as 334. Only the transistor switch selected by the ring
counter can be made conductive, however, by this pulse.
For the purpose of reading, a switching voltage is applied
by way of the common wire 332 to all transistor switches
such as 333 used for reading. This pulse will only be
able to make that transistor switch 333 conductive which
is selected by the ring counter 315. Shortly after the ap-
pearance of the switching pulse on the wire 328, a switch-
ing pulse is applied to the control input circuit 321 of the
transistor switch 322, causing this switch to close a current
in the writing direction in the selecting wire 34¢ indicated
by the ring counter. Just before the end of the switch-
ing pulse applied to the wire 328 the switching pulse volt-
age is removed from the control input circuit 321. Con-
sequently the current in the selecting wire is not closed
and broken by the transistor switch 334 but by the com-
mon transistor switch 322. In a similar way, while read-
ing, the current is closed and broken by the transistor
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switch 323 as a result of a switching pulse applied to
the control input 324, which switching pulse occurs in
the interval occupied by the switching pulse applied to
the wire 332.

The display board in the first embodiment described
uses three sources of synchronizing pulses. While re-
ceiving information from extraneous sources the circuit
must be controlled by synchronizing pulses supplied by the
source of information, causing the synchronization to
correspond to the signals supplied to the board. For
internal switching operations an internal source of syn-
chronizing pulses, supplying pulses of a very high fre-
quency, is applied. A source of slow synchronizing
pulses is, moreover, used to control the excitation of the
row selecting relays of the display board. FEach of these
sources of synchronizing pulses applies pulses in a cyclic
order to a number of synchronizing wires. When switch-
ing over from one source of synchromizing pulses to
another source care must be taken that the source which
is switched off completes its last cycle, and that the source
which is switched on always starts at the beginning of a
cycle. Moreover, overlapping operation of two sources
of synchronizing pulses must be avoided. Circuit ar-
rangements for this purpose will be elucidated while de-
scribing the complete system.

After describing the operation of certain parts of the
display board and its control circuit, the setting of a piece
of information on a certain row of the display board of the
first embodiment will now be described in detail. This
description will refer to the FIGURES 2, 3, 4 and 5 which
should be arranged from left to right in this order in
order to obtain a circuit of the complete system. In
order to facilitate the reading of the drawings the first
figure of any numeral used as an index is equal to the
number of the figure, so that no figure numbers need
to be quoted in the description.

It is assumed that the display board and its control cir-
cuit are at rest. The display board receives information
according to which it is be set by way of a communi-
cation channel, consisting of a number of wires 346 and
which is carried along various display boards and other
apparatus to which information must be supplied. The
board or apparatus which is to react to a certain piece of
information is selected by transmitting a call signal. The
signals used for call signals are, however, also used as
signals while transmitting information, so that special
measures are required to indicate when such a signal
is used as a call signal. Tn the example described a pulse
voltage is applied for this purpose to a special wire 364
in the communication channel. The communication
chanrel 346 comprises seven wires for simultaneously
transmitting the bits of a signal. It comprises, moregver,
a number of wires through which synchronizing pulses
are supplied. It is assumed that extraneous synchroniz-
ing pulses are supplied to the various parts of the circuit
by means of six wires to which pulses are applied in a
cyclic order. These pulses pass through the device 223

to the six output circuits combined into the group 224.:

It is possible for the communication channel to contain
six wires 222 for the transmission of the extraneous syn-
chronizing pulses. The device 223 then only comprises
connections for these wires and, if necessary, amplifiers.
If the communication channel has a considerable length it
will be important to reduce the number of wires, and it
is possible to transmit the synchronization information by
means of three wires.. Some of the six pulses will then
be indicated by the combined presence of pulses on more
than one of these three wires. The device 223 in this case
comprises a decoding circuit of well-known type and of
the same character as the decoding circuit which will be
described in connection with the source of rapid syn-
chronizing pulses.

If the extrancous synchromization is operative, the
trigger circuit 207 is reset, and the trigger circuits 214
and 219 are set. Consequently the potentials of the wires

10

20

25

30

50

60

65

70

5

12
215 and 221 are high so that the four “and” circuits 225
and- the two “and” circuits 226 will be able to pass the
extraneous synchronizing pulses to the output circuits
Ul, 2, 3, 4, 5 and 6. Because the trigger circuit 267
is reset, the potential of the wires 209, 302 is high, so
that the “and” circuits 369 and 304 are conductive and
the ring counter 315 receives the first and the third ex-
traneous synchronizing pulse U; and U; by way of the
conductors 314, 313, the “or” circuits 310 and 305, the
“and” circuits 309 and 304 and the input circuits 308
and 303. - These pulses cooperate in a well-known way to
control the ring counter circuits, the first synchronizing
pulse causing the counter to step. For the time being
this counter remains in its position of rest, because the
trigger circuits of the ring counter are compelled to re-
main in their reset condition by a potential applied to the
wire 363. This potential is supplied by the trigger cir-
cuit 360 in the set condition. As will be described later
on, this trigger circuit is set at the end of a setting cycle
of the display board. The seven wires in the channel
346 which carry the bits of the signals are connected to
the gating system 345. This gating system is shown in
detail for the third wire. By means of an “and” circuit
347 and an “or” circuit 351 this gating system can con-
nect the said third wire to the third trigger circuit in a
fip-flop register 352. A pulse on the said third wire
sets the trigger circuit. During the reception of the
signal the “and” circuit 347 is made conductive for a
short interval by the second extraneous synchronizing
pulse Us,, which is applied to the input circuit 349 of the
“and” circuit 347. Before the bits of the signal are able
to reach the trigger circuits in the register these trigger
circuits have all been reset by the first extraneous synchro-
nizing pulse Uy, which reaches them through the “or” cir-
cuit 353.* For this purpose the input circuit which can
rest each trigger circuit in the register is connected to
the output circuit of this “or” circuit. The reception of
the bits of the signals consequently sets the trigger cir-
cuits in the flip-flop register in accordance with the signal
received. In this phase of the operation only the code
recognizer circuit 357 reacts to the setting of the flip-flop
register. If the signal by means of which the display
board is selected is received, the code recognizer circuit
applies a high voltage to the output circuit.358. As a rule
this has no effect, for the signal may be part of informa-
tion supplied to any other apparatus connected to the
common channel. During the transmission of a call,
however, a special wire in the channel, used to announce
the selection operation, applies a high potential to the
input circuit 364 of the “and” circuit 361, The fourth
extraneous synchronizing pulse U, which is applied to the
input circuit 362 of the “and” circuit 361 will then pass
this “and” circuit and resets the trigger circuit 360, which
makes the potential of the conductor 363 low and thus
permits the ring counter to leave its position of rest. The
display board is now ready for the reception of informa-
tion. Before the end of the synchronizing cycle in which
the selection is performed this readiness for reception is
signalled- to the distant sender by sending the fifth ex-
traneous synchronizing pulse back to it by way of a
special wire in the common channel 346 and connected to
the “and” circuit 367. The said fifth pulse is applied to
an input circuit of said “and” circuit, but is only able to
pass this “and” circuit if two conditions are met: (1) the
control circuit is at rest, for only in this case does the
second input circuit connected to the programming wire
Py have a high potential, (2) the board is called, for
only then is the trigger circuit 360 in the reset condition,
causing the third input circnit of the said “and” circuit
to have a high potential. For the distant sender the re-
ception of the said fifth pulse is the signal that the selected
display board is ready for reception, to which signal it
reacts by starting the transmission of information. If
desired’ the special wire 365 may be connected to the
same wire 364 in the common channel 346, through which,
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during the appearance of the fourth synchronizing pulse,
the making of a call was announced. If the selected dis-
play board was occupied, e.g. because it was setting its
units in accordance with information previously received,
then the flip-flop register 352 would not have been able
to receive the call signal because the extraneous synchroni-
zation would have been inoperative. No pulse would in
this case have been retransmitted to the distant sender.
The sender then knows that no connection with the dis-
play board has been obtained, does not transmit informa-
tion, and repeats the call. During the following cycle of
the synchronization the next signal is received. At the
occurrence of the first synchronizing pulse in this cycle
the ring counter, which is no longer compelled to remain
at rest, switches over to its first position in which it per-
mits the transistor switches 333 and 334 of the first row
in the storage matrix 338 to become conductive. Furth-
ermore, the flip-flop register 352 is reset by the pulse
U,. In the second interval of the extraneous synchroniza-
tion, i.e. at the occurrence of the pulse Us, the trigger
circuits in the register 352 are set in accordance with the
bits of the received signal which flow through “and” cir-
cuits such as 347. The code recognizer 357 is no longer
able to initiate any switching operation when receiving
the own call signal because the special wire 364 remains
4t a low potential. In the second interval, moreover,
the first row of the matrix is read. The 2nd pulse U,
reaches the conductor 332 by way of the “or” circuit 331
and causes the reading switch 333 of the said first row,
selected by the ring counter, to become conductive.
Furthermore, the pulse U, is applied to the pulse shaper
325 by way of the “or” circuit 326. The pulse shaper
then prodices a pulse which occurs within the interval
occupied by the 21d synchronizing pulse. This short
pulse causes the transistor switch 323 to tecome tempo-
rarily conductive, thus causing a pulse to flow in the se-
lecting wire for the first row. In the example described
the pulse shaper 325 consists of a blocking oscillator which
is triggered by the second synchronizing pulse to gen-
erate a pulse of the required duration.
described above causes the first row in the matrix to be
read in the way already described, and all the cores of
this row to be reset. Because the rapid synchronization
is not operative, the pulses generated while reading the
matrix cannot pass the “and” circuits such as 348 in the
gating system 345 and will not influence the flip-flop
register 352. In the fourth interval the fourth extraneous
synchronizing pulse U, reaches the conductor 328 through
the “or” circuit 327, so that the writing switch 334, al-
Jotted to the selected line, becomes conductive. More-
over, a pulse passing through the “or” circuit 319 reaches
the pulse shaper 320, which is a blocking oscillator also,
and provides a pulse which is just a little shorter than the
original pulse and occurs within the interval occupied by
this pulse. This pulse, supplied by the blocking oscilla-
tor, causes the transistor switch 322 to become conductive
for a short interval, so that a short pulse in the writing
direction is caused to flow in the selecting wire 348 of the
first Tow of the matrix. Moreover, by way of the “or”
circiuit 336 the fourth extraneous synchronizing pulse
reaches all writing amplifiers comprised in the system
337, causing these amplifiers to become operative, so that
‘pulses corresponding to the setting of the flip-flop register
352 will flow in the writing and reading wires such as
1342 of the core matrix. The setting of the flip-flop reg-
ister is in this way transferred to the first row of the
core matrix by way of the cables 354, 343 and the ampli-
fier 337. This operation is repeated for all signals re-
ceived. Each signal is written on the following row of the
matrix. The last signal is a special signal, reserved for
indicating the end of the piece of information transmitted,
and will be called clearing signal. This signal is recog-
nized by the code recognizer 357 which continuously
watches by way of the cable 356, 354 the setting of the
flip-flop register 352. If the code recognizer receives the
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clearing signal it applies a high potential to its output
359. This causes the input circuit 281 of the “and” cir-
cuit 203 to obtain a high potential so that the extraneous
synchronizing pulse Us, applied to the second input cir-
cuit 202 of the “and” circuit can pass the latter circuit
and set the trigger circuit 207. This causes the conduc-
tor 209 to obtain a low potential, which interrupts the
supply of extraneous synchronizing pulses to the ring
counter 315 throngh the “and” circuits 304 and 309.
Because the trigger circuit 207 is set and the trigger
circuit 286 is reset and, consequently, the conductor 210
has a high potential the said fifth extraneous synchroniz-
ing pulse is able to pass the “and” circuit 212 and to
reset the trigger circuit 214. The trigger circuit then ap-
plies a low potential to the conductor 215, causing the
“and” circuits 225 in the first four output circuits U1, 2,
3 and 4 of the extraneous synchronization circuit to be-
come non-conductive. The extraneous synchronization
nevertheless finishes its cycle bceause the last two “and”
circuits 226 are still conductive. As soon as the sixth
pulse is supplied, however, no further pulses are supplied.
The second pulse in the next cycle, which does not reach
the output wires 227 any more, still flows by way of the
conductor 216 to the “and” circuits 217 and 218. Be-
cause the reset trigger circuit 214 applies a high potential
to the upper input circuit of the “and” circuit 218, the
said pulse passes this “and” circuit and resets the trigger
circuit 219. This trigger circuit then causes the potential
of the conductor 221 to become low so that the “and”
circuits 226 also become non-conductive and the supply
of extraneous synchronizing pulses is completely in-
terrupted.

As will be described later on the trigger circuit 273 is
set at this moment. Since, the trigger circuit 239 is reset
and the conductor 241 consequently has a high potential,
the application of a high potential to the conductor 208,
caused by the setting of the trigger circuit 207 results in
the application of a high potential to the upper input cir-
cuit of the “and” circuit 277. ‘The ftrigger circuits 219
and 250 are in the reset condition so that the two input
circuits of the “and” circuit 280 have a high potential.
Consequently, the conductor 279 and the left-hand input
circuit of the “and” circuit 277 have a high potential.
The conductors 269 apply the rapid internal synchroniz-
ing pulses to the “and” circuits 297 and 298. When the
fourth of these pulses, Sy, is applied to the input circuit
of the non-conductive “and” circuit 298 it also reaches,
by way of conductor 276, the right-hand input circuit of
the “and” circuit 277 and, because of the high potentials
of the other input circuits, is able to pass it, and to set
the trigger circuit 281. This causes the conductor 282 to
obtain a high potential so that the three “and™ circuits
297 in the rapid synchronization conductors S1, 2 and 3
become conductive, and the first three pulses of the
rapid internal synchronization are able to pass. As soon
as the second pulse appears, the conductor 283 applies
it to the left-hand input circuit of the “and” circuit 284.
It passes this circuit because of the high potential ap-
plied to the upper input circuit by trigger circuit 281 in
its set condition and sets the trigger circuit 286. This
trigger circuit then applies a high potential to the con-
ductor 287, causing the “and” circuit 298 to become con-
ductive. From that moment on the source of rapid
synchronizing pulses supplies all four rapid synchroniz-
ing pulses to the system. Because the trigger circuit 207
is set, and consequently the conductor 208, 301 has a
high potential, the ring counter 315 receives by way of
the “and” circuits 311 and 366, the “or” circuits 310 and
305 and the conductors 314 and 313 the first and the
third rapid internal synchronizing pulses, which are ap-
plied to the input circuits 312, 307 of the “and” circuits.
These pulses causes the counter to step. It passes over
all lines of the matrix on which no signals have been
written. This has no further effect. The presence of
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such lines may be important, The lengths of all lines on
the display board are not necessarily the same and the
storage matrix must be large enough to control the set-
ting of the longest line. For controlling the setting of
a shorter line on the board not all rows in the storage
matrix will contain information, and signals still present
as a result of previous control cycles on rows in the matrix
on which no information has been written during the
last reception period will be ignored, because no cor-
responding display units are present on the selected
shorter row of the board. In each of its positions the
ring counter not only applies a voltage to a selecting con-
ductor 335 of the core matrix, but also to a programming
wire in the programming wire group 338. Such a pro-
gramming wire will be indicated by the number of the
position of the counter in which a special potential is ap-
plied to it (e.g. Py, P5 . .. ). The current in the se-
lecting wires of the matrix is controlled by the 2nd and
4th internal synchronizing pulse in a way similar to that
in which it is controlled by the extraneous synchroniza-
tion during the reception of information from the com-
mon channel. In this case, however, the reading of a
line does influence the setting of the flip-flop register 352
because now the second rapid synchronizing pulse S, is
applied to the input circuits 350 of “and” circuits; such as
348 in the gate circuit system 345, making these circuits
conductive, so that the pulses induced in the conductors
342 while reading and amplified by the reading amplifier
344, are able to set the trigger circuits in the flip-flop regis-
ter in accordance with the bits written in the row which
is read. Just before the reading operation is performed
the synchronizing pulse S; is applied by way of the “or”
circuit 353 to the register causing all trigger circuits in
the flip-flop register to be reset. '
After the reading of a row the information is removed
from the row of the core matrix, but at the occurrence
of the fourth rapid synchronizing pulse S; which is ap-
plied to the writing amplifier in system 337 by way of the
“or” circuit 336, this information is received from-a flip-
flop register again and is rewritten on the said line. After
passing over the rows in which en information has been
written the counter continues its stepping operation. It
then successively selects the rows in the matrix on which
information has been written. The programming wire Py

for the first line is connected to the input circuit 231 :

of the “or” circuit 239, so that the right-hand input circuit
of the “and” circuit 236 obtains a high potential when the
first line is selected. Because the trigger circuit 267 is
set, which- means that the extraneous synchronization
system is inoperative, the wire 238 and the input circuit
of the “and” circuit 236 connected to it have a high
potential. Moreover, the trigger circuit 235 is still in
the reset condition so that the upper left-hand. input cir-
cuit- of the “and” circuit 236 also has high potential.
As soon as the rapid synchronizing pulse S; appears at the
upper input circuit of this “and” circuit the. trigger cir-
cuit 239 will consequently be set. This has various con-
sequences. The conductor 249 obtains a high potential,
so that, by way of the “or” circuit 275, the upper input
circuit of the “and” circuit 278 receives a high potential.
As, moreover, the trigger circuits 219 and 250 are in the
reset condition, the left-hand input circuit of this “and” cir-
cuit also obtains a high potential by way of the “and” cir-
cuit 280. The fourth internal synchronizing pulse S ap-
plied to the wire 276 will, therefore, be able to pass the
“and” circuit 278 and to reset the trigger circuit 281. This
causes the wire 282 to obtain a low potential and the “and”
circuits 297 to.become non-conductive, so that the first
three pulses of the rapid synchronization will be unable to
pass. The second synchronizing pulse, which is unable to
pass the second “and” circuit 297 is nevertheless still sup-
plied by way of conductor 283 to the left-hand input circuit
“of the “and” circuit 285 and as the upper input circuit
of this “and” has obtained a high potential as a result of
the resetting of the frigger circuit 281, the said pulse can

[

10

15

20

30

40

50

55

60

70

75

16
reach the trigger circuit 286 and reset it. This causes the
conductor 287 to obtain a low potential, so that the “and”
circuit 298 in the fourth output circuit of the rapid internal
synchronization circuit becomes blocked. The internal
synchronization has then become inoperative.

The resetting of the trigger circuit 286 applies a high
potential to the conductor 210. The setting of the trigger
circuit 239, moreover, applies a high- potential to the
upper input circuit of the “and” circuit 242. The fourth
pulse of the slow synchronization, although unable to pass
the “and” circuit 256 will under these circumstances reach
the ‘left-hand input circuit of the trigger 245 by way of
conductor 244 and the “and” circuit 242 and set it.
This supplies the conductor 246 with a high potential so
that the first three “and” circuits 255 in the output cir-
cuits of the slow synchronization circuits become conduc-
tive and the first three slow synchronizing pulses are
able to pass. The trigger circuit 245 in its set condi-
tion applies a high potential to the upper input circuit
of the “and” circuit 248. The second slow synchronizing
pulse, supplied by way of conductor 247, will then be
able to pass this “and” circuit and to set the trigger cir-
cuit 25¢. In its set condition the trigger circuit applies
a high potential to its output circuit 252, thus making
the “and” circuit 256 in the fourth output circuit of the
slow synchronization circuit conductive. The slow internal
synchronization is then operative. Its object is to control
the setting of the selecting relays. These relays must be
set in accordance with the information written on the
first and second rows for the storage matrix. The relays
are electromechanical relays and consequently operate
relatively stowly, so that their operation cannot be con-
trolled by rapid synchronizing pulses suitable for the con-
trol of trigger circuits. The signal which was transferred
from the first line in the storage matrix to the flip-flop
register 352 during the previous cycle of the rapid syn-
chronization is still present in this register when the slow
synchronization starts its operation because since the regis-
tration no pulse S; or U; has occurred. The output cir-
cuits of the five trigger circuit set in accordance with the
significant bits of the signal are connected by way of the
cable 354, 343, 329, 401 to the five conductors 462.
These conductors pass the “and” circuits 464. One input
circuit of each of these “and” circunits is connected by
way of conductor 403 to the programming wire Py to
which a high potential is applied when the ring counter
315 is in its first position, in which it selects the first
row of the core matrix, so that these “and” circuits are
able to pass the bits received from the register 352 when
the first row of the matrix has just been read. A second
set of “and” circuits 486 is inserted in the conductors 402.
One input circuit of these “and” circuits is connected to
the conductor 485 to which the second internal slow
synchronizing pulse Ty is applied, so that the information,
received from the first row in the matrix and now stored
in the register 352 is transmitted to the. relay amplifier
407 at the occurrence of the said pulse T;. Fach of these
relay amplifiers is terminated by a bistable trigger circuit.
In each of these trigger circuits a connection in which a
sufficient current flows only in the set condition of the
trigger circuit, passes through the winding of a selecting
relay, such as 410, in the relay group 462. Such a relay
will, therefore, be excited when its trigger circuit is set.
The trigger circuits are previously reset by the first slow in-
ternal synchronizing pulse, T; of a cycle. This pulse is sup-
plied to the group 4907, through the “and” circuit 408 so
that it can reach the group only if the first row in the
matrix is selected and consequently the first programming
wire Py, which is connected to one of the input circuits
of this “and” circuit possesses a high potential. . This
resetting operation is, therefore, not repeated any more
during the rest of the operation, because either the pulse
T, or the potential on the wire P; will be absent, or both.
At the end of the slow synchronization cycle the trigger
circuits in the system 487 are in the set or reset condition,
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and the relays 410 in the group 409 are excited or non-
excited in a combination which. corresponds to the signal
written on the first row of the core matrix.

The third slow synchronizing pulse Ty is applied to
the righthand input circuit of the trigger circuit 239 and
causes this trigger circuit to be reset. In the way already
described before for another synchronization system this
puts an end to the operation of the slow synchronization
as soon as it has finished its cycle. No new cycle of the
slow synchronization will be started because of the re-
set condition of trigger circuit 239. The trigger circuits
207 and 273 are set, so that two of the input circuits of
the “and” circuit 274 have a high potential. As soon
as the trigger circuit 239 is reset, the third input circuit
of this “and” circuit also obtains a high potential by way
of the conductor 241. This causes the central input cir-
cuit of the “and” circuit 277 to receive a high potential.
Because the external synchronization is non-operative the
conductor 220 has a high potential, and, in order to switch
off the slow synchronization, the trigger circuit 250 is
reset so that a high potential is applied to the conductor
251. The “and” circuit 280 then applies a high potential
to the conductor 279 and the left-hand input circuit of
the “and” circuit 277. The next fourth rapid synchroniz-
ing pulse, applied to the conductor 276 will then be able
to pass the “and” circuit 277 and to set the trigger circuit
281. This starts, in the way already described, a cycle of
the internal rapid synchronization system. A cycle of this
system is then performed during which the contents of
the second row of the core matrix is transferred to the reg-
ister 352. Because the second programming wire Py is
also connected to an input circuit 232 of the “or” circuit
230 a cycle of the slow synchronization is started as soon
as the cycle of the rapid synchronization is completed.
During this cycle by way of the wires 427, the “and”
circuits 425, connected by way of conductor 426 to the
programming wire P, and the “and” circuits 423, made
conductive by the second slow synchronizing pulse Ty ap-
plied to the conductor 424, the trigger circuits in the sys-
tem 421 are set in accordance with the contents of the
second row of the core matrix. These trigger circuits
were previously reset by the slow synchronizing pulse Ty,
which, because of the high potential of the programming
wire P, applied to the upper imput circuit of the “and”
circuit 422, this once, is able to pass the said “and” cir-
cuit. At the end of the second slow synchronizing cycle,
the relays 420 in the group 419 are set in accordance with
the bits written on the second row of the core matrix.
The slow synchronizing system remains inoperative for
the rest of the setting so that the trigger circuit in the
group 407 and 421 will no more be reset. Consequently
the relays in the groups 409 and 419 which are excited
during the first part of the setting operation of a row of
units on the board remain excited for the rest of this op-
eration. The relays in the group 409 control the con-
tacts of the contact pyramid 411 and the relays in the
group 419 control the contacts in the contact pyramid
418. The contact pyramid 411 connects one of the 10
horizontal conductors 416 of a relay matrix to one ter-
minal of a source of current. The relay contact pyramid
418 connects one of the 10 vertical conductors 417 of
the same matrix to the other terminal of the said source
of current. Between each pair of wires the winding of a
relay is connected. Between the horizontal wire 415 and
the vertical wire 412 e.g. a relay winding 414 is connected.
n order to prevent the closing of undesired parallel cir-
cuits in the matrix a diode such as 413 is connected in
series with each relay winding such as 414. After the
two relay groups 409 and 419 have been set only one
relay in the relay matrix is excited. The relays in this
matrix are the row selecting relays performing the selec-
tion of the row to be set of the display board in the
way already described with reference to FIG. 5.

At the end of the second slow cycle the relay of the
row to be selected is excited. Be it assumed that this re-
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lay is the relay which switches over the contacts 506 and
528. The system is then ready for controlling the set-
ting of the display units of the selected second row. Dur-
ing this setting operation the slow synchronization circuit,
which is only necessary for controlling the row selection
should not become operative any more, because this
would cause delay as well as resetting of the selection re-
lays. In order to prevent such operation a trigger cir-
cuit 235 is present, which only in its reset condition ap-
plies a high potential to one of the input circuits of
the “and” circuit 236 in order to permit this “and” circuit
to pass the pulse S; which initiates the slow synchronizing
cycle by setting the trigger circuit 239. The trigger circuit
235 is reset when, as will be elucidated later on, at the
end of the complete setting operation of the board the
trigger circuit 207 is reset in order to start the operation
of the extraneous synchronization circuit. Only then is it
possible for the slow synchronization circuit to be started.
If, however, after the setting of the second set of relays
419 the 4th slow synchronizing pulse Ty is applied to the
input circuit 228 of the “and” circuit 233 while the pro-
gramming wire P, connected to the input circnit 229,
has a high potential, this pulse passes the “and” circuit,
and sets the trigger circuit 235. No more slow syn-
chronizing cycles can then be initiated by the selection of
the first and second row of the core matrix because one
of the input circuits of the “and” circuits 236 remains at
a low potential.

in order to make preparations for the first of a num-
ber of comparison cycles following now during the Jast
cycle of the slow synchronization circuit the trigger cir-
cuit 273 is reset. The high potential, which during the
reading of the second line of the matrix is applied to the
second programming wire Py, reaches by way of the input
circuit 270 the “and” circuit 272, thus permitting the
third rapid synchronizing pulse S; which is applied to the
input circuit 271 of this “and” circuit to reach the trigger
circuit 273 and reset it. The object of the cycles follow-
ing now is to establish whether certain display units have
already reached their eventual position registered in the
storage system. Such comparison cycles should be ef-
fected in the last part of the interval between two suc-
cessive stepping pulses applied to the stepping magnets,
when the code contacts, in any case, are at rest. Further-
more, the rapid internal synchronization system must be
prevented from beginning a cycle before the slow internal
synchronization has completed its last cycle in which it
controls the setting of the relay group 419. The circuits
connected to the “and” circuit 267 ensure that the above
conditions are met. In the example described, the step-
ping pulses for the stepping magnets are obtained by recti-
fying an alternating current of 50 cycles per second. This
current is supplied by way of conductor 260 to the recti-
fier 261. The pulses supplied by the rectifier flow, on
the one hand, by way of the branch 259 to the conductor
503 and the various stepping magnets, and on the other
hand, to the limiting circuit 262, which transforms them
into substantially rectangular pulses. A differentiating
circuit 263, these pulses and the pulse obtained by dif-
ferentiation of the trailing edge of the pulse, occurring
at the end of the interval of ten milliseconds in which a
stepping pulse occurs, triggers a monostable trigger circuit
264 causing it to produce a pulse with a duration of five
to seven milliseconds. This pulse is differentiated by the
circuit 265 and the pulse derived from its trailing edge
triggers @ second monostable trigger circuit 266 causing
it to produce a very short pulse. This pulse is applied
to the upper input circuit of the “and” circuit 267. It
will, however, only be able to pass this “and” circuit if the
two other input circuits have a high potential, that is if
the trigger circuits 239 and 256 are reset. For the time
being the trigger circuit 239 is set, however, because the
same pulse S; which caused the resetting of the trigger
273 has set the trigger circuit 239 in order to start the
slow synchronization system. This system now performs
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a cycle in the way described above during which the relay
group 419 is set. The second slow synchronizing pulse
T, in this cycle sets the trigger circuit 259. The pulse
T, in the same cycle resets the trigger circuit 233, so that
the conductor 268 connected with the “and” circuit 267
obtains a high potential, Nevertheless, the short pulses
produced by the flip-flop circuit 266 will not be able to
pass this “and” circuit, because, for the time being, the
trigger 250 continues to apply a low potential to the con-
ductor 251. If, however, the cycle is completed and the
moment is reached at which the second pulse T of the
slow synchronization system in the next cycle would have
been supplied, the trigger circuit 250 is reset again, so that
the conductor 251 obtains a high potential, and the “and”
circuit 267 can become conductive. The next short pulse
received from the flip-flop circuit 266 then sets the trig-
ger circuit 273 thus initiating a number of cycles of the
rapid internal synchronization system, for the trigger cir-
cuit 273 will, for the time being not be reset again, as the
input circuit 270 connected to the pregramming wire Py
remains for the time being at a low potential during a
complete programming cycle of the storage system 338.
Because of the operation of the chain of elements con-

nected to the upper input circuit of the “and” circuit 267

these cycles start long enough after the last stepping pulse
for the parts of the display units to settle down and long
enough before the next stepping pulse to permit a com-
plete cycle of comparison operations for -all units on the
selected row to be performed before they take their next
step.

Now a comparison cycle will be described. Be it as- -

sumed, that the sclection relay, which switches over the
contacts 506 and 528, is excited. The windings of the
stepping magnets of the display units on the row of the
display board to which the conductor 508 is allotted are
then connected to the source of stepping pulses. The
first pulse of the first cycle of the rapid synchronization
switches the ring counter 315 over to position three and
the signal passing through the “or” circuit 353 resets all
trigger circuits in the register 352. At the moment of
occurrence of the second rapid synchronizing pulse Ss
the contents of the third row of the core matrix is trans-
ferred to the register 352.

The programming wire P; has a high potential in the
third position of the ring counter. It is connected to
the upper input circuit of the “and” circuit 519, so that
the second synchronizing pulse S,, which is applied to in-
put circuit 520, can reach the conductor 516 causing all
trigger circuits (such as 561, 513, 513A . . .)for control-
ling the tramsistor switches in the circuits of the stepping
magnets to be set.

This causes all transistor switches as 502, 514A, 514

to become conductive, so that the next stepping pulse can
flow through the windings of the magnets. Only from
this moment on are the changing contents of the flip-flop
registers 352 able to influence the setting of the display
units of the display board. Because of the instant in the
stepping pulse cycle at which the first comparison cycle
is started, no stepping pulse occurs for the time being.
The conductor 533 is connected to the programming wire
P; and consequently has a high potential when the counter
is in its third position so that the “and” circuits. a, b, c,
d, f and g in the multiple wires 525 are conductive and
the potentials applied to the multiple wires 525 by the
code contacts of the code transmitter of the first display
unit in the selected row are able to reach the code con-
verter 536 by way of the “and” circuits mentioned above
and the “or” circuits 532 while the contents of the third
row in the matrix is stored in the register 352. The code
converter converts the signals into signals in teleprinter
code. The converted signals are applied to the com-
parison circuit 464 by way of the cable 537. This com-
parison circuit also receives, by way of the cables 439,
355, 354, the signal registered in the register 352, If no
equality is established, nothing happens. If equality is
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established the comparison system applies a high poten-
tial by way of conductor 455 to the left-hand input circuit
of the “and” circuit 457 so that the next third rapid syn-
chronizing pulse S,, which is applied to the input circuit
456 of the said “and” circuit will pass this circut and
reach the right-hand input circuit of each of the “and”
circuits 500, 512, etc by way of the conductors 458, 538,
517. The pulse received by way of these conductors will,
however, only be able to pass that “and” circuit in the
latter group of “and” circuits, the other input circuit of
which is. connected to the programming wire carrying a
high potential at that moment. During the comparison
cycle described this is the “and” circuit 540, so that the
pulse received from the “and” circuit 457 resets the trig-
ger circuit 501, which controls the supply of stepping
pulses to the first column. The pulse, resulting from the
established equality consequently can reset the trigger
circuit 561 and block the transistor switch 502 before the
first stepping pulse is supplied to the display unit.
During the next cycle of the rapid synchronization per-
formed while the ring counter is in position four the upper
input circuit of the “and” circuit 512 as well as the con-
ductor 534 have a high potential, so that the “and” circuits
in the group of multiple wires 526 apply the signal cor-
responding to the position of the second display unit in
the selected row to the code converter by way of the “or”
circuits 532. This causes the said signal to be compared
with the setting of the register 352, which now corre-
sponds to the contents of the fourth row of the core matrix.
These comparison cycles are continued until the second
row in the core matrix is reached again. All the registra-
tions still present on lines on which no information is
written during the reception of the last information are
ignored because no corresponding display units are present
on the selected row. As soon as the second row is reached
again the programming wire P, applies a high potential
to the input circuit 276 of the “and” circuit 272. Con-
sequently, the next third rapid synchronizing pulse S,
applied to the input circuit 271 of the said “and” circuit,
is able to pass it and to reset the trigger circuit 273, which
then applies a high potential to the upper input circuit of
the “and” circuit 278 thus permitting the fourth rapid
synchronizing pulse, received by way of the conductor
276, to pass this “and” circuit and to reset the trigger cir-
cuit 281.. This puts an end to the operation of the rapid
synchronization system S in the way described above. A
short time later a stepping pulse is supplied, which causes
all stepping magnets, the transistor switches 562, 514,
514A, etc. which are still conductive to be excited, so
that their display units take a step. After a certain delay
caused by the various circuif elements described above,
but before the next stepping pulse is received the flip-flop
circuit 266 supplies a short pulse again, which passes the
“and” circuit 267 because the two trigger circuits 239 and
250 are still in the reset condition, and sets the trigger
circuit 273. This initiates the next comparison cycle
during which the comparison system establishes whether
any of the display units by taking a step has reached its
desired setting. As soon as it may be assumed, that all
display units have reached the setting corresponding to
the information stored in the matrix core memory, the
operation of the system must be interrupted, and the ex-
ternal synchronization system made operative, so that
information from the common channel may be received
again. In the embodiment described this occurs as soon
as it is established that during a certain comparison cycle
the comparison system has in no case established inequal-
ity. For this purpose the system contains the switching
elements shown in the lower part of FIGURE 4. The
pulse Sp, which flows through the “and” circuit 519 and
which sets the trigger circuits such as 501 for controlling
the stepping pulses supplied to the stepping magnets, also
flows through conductors 539, 447 to the trigger circuits
448 and 443.- It resets the trigger circuit 448 and sets the
trigger circuits 443. The latter circuit is reset as soon as
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the row in the storage matrix 338 is reached on which the
clearance signal SL is written. When this signal is trans-
ferred to the flip-flop register 352, the code recognizer 357
applies a high potential to the upper input circuit of the
“and” circuit 442 by way of conductor 359 and the cables
330, 428, 518, 429, so that the pulse Sg is able to reach the
trigger circuit 443 and to reset it. The voltage produced
by the comparison circuit 464 as a result of this compari-

son operations is applied to an inversion circuit 454 which,

at the moment a comparison is performed, applies a high
potential to the conductor 446 if inequality is established.
As long as the trigger circuit 443 is still in the set condi-
tion, i.e. as long as the line on which the clearance signal

is written is not reached and therefore comparisons with

significant registrations in the matrix storage are per-
formed, this high potential will permit the fourth rapid
synchronization pulse Sy which is applied at the imput
circuit 444 of the “and” circuit 445 to pass this “and” cir-
cuit and to set the trigger circuit 448. If no inequality
is established the trigger circuit 448 is still in the reset
condition and the left-hand input circuit of the “and” cir-
cuit 449 still has a high potential when in this way all
rows of the matrix storage on which significant signals
are written have been selected and the row on which the
clearance signal is registered is reached. Then the code
recognizer 357, by way of output circuit 359, applies a
high potential to the input circuit 450 of the “and” circuit
449, so that the third rapid synchronizing pulse, which
is applied to the input circuit 451 will be able to pass this
“and” circuit 449 and to set the trigger circuit 452.
Obviously this is only possible if after a complete series
of comparison cycles in which no inequality has been
established, the row in the core matrix on which the clear-
ance signal is registered is reached and moreover, the
third rapid synchronization S3 occurs. This pulse will then
be able to pass the “and” circuit 449 and to set the trigger
circuit 452 which, by way of output circuit 463, applies
a high potential to the input circuit 204 of the “and” cir-
cuit 206. The second pulse Sy in the next cycle of the
internal rapid synchronization will then be able to reach
the trigger circuit 207 and to reset it. This causes the
conductor 209 and one input circuit of the “or” circuit
275 to obtain a high potential, so that the central input
circuit of the “and” circunit 278 obtains a high potential,
which, in the way already described, initiates the termina-
tion of the operation of the rapid synchronization system
S at the end of the current cycle. The resetting of the
trigger circuit 207 applies high potential by way of “or”
circuit 275 to the upper terminal of “and” circuit 278,
which, in the way described above, causes the stopping of
the operation of the rapid synchronization system at the
end of its cycle. It moreover causes one input circuit of
the “and” circuit 211 to obtain a high potential, and as
soon as the operation of the rapid synchroanization has
come to an end, which can be derived from the fact, that
the trigger circunit 286 is in the reset condition, the con-
ductor 219 and the input circuit of the “and” circuit 211
connected to it, obtain a high potential too, so that the
fifth external synchronizing pulse can reach the left-hand
input circuit of the trigger circuit 214 by way of the “and”
circuit 211 and set this trigger circuit. This causes the
four “and” circuits 225 in the first four output circuits
of the external synchronization system to become conduc-
tive. Moreover, the upper input circuit of the “and” cir-
cuit 217 obtains a high potential, so that the second
external synchronizing pulse can pass this “and” circuit
and set the trigger circuit 219. This trigger circuit, by
way of conductor 221, causes the two “and” circuits 226
to become conductive, so that all the output circuits of
the external synchronization system are able to supply
pulses, and the display board is ready again for receiving
information from the transmitter system.

It is the object of the trigger circuit 443 to restrict the
search for the occurrence of inequality to the interval
in which those rows of the matrix are read in which in-
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formation has been written during the last reception of
information. This prevents the setting of the trigger cir-
cuit 448 as the result of the application of a registration
left behind on rows in the matrix in which, during the
setting of a short line on the board, no new information
has been written, to the comparison circuit 428 at a mo-
ment when the display board can not supply any informa-
tion because no display unit is present in the selected row
and the column corresponding to the said row in the
matrix. As soon as the row in the matrix is reached on
which the clearance signal is written, the code recognizer
357 applies a high potential to the conductor 359. This
conductor passes through the programming cable 339,
428, 518, 429 to the upper input circvit of the “and”
circuit 442. As soon as, under these circumstances, the
third internal synchronizing pulse S; is applied to the in-
put circuit 441, i.e. before the end of the cycle of the
rapid synchronization in which the clearance signal was
transferred to the flip-flop register 352 and before the
fourth rapid synchronizing pulse can set the trigged cir-
cuit 448 because of the inequality established when the
clearance signal is applied to the comparison circuit, the
“and” circuit 442 becomes conductive and the trigger cir-
cuit 443 is reset. This occurs after every comparison
cycle in which the position of display units on a row is
compared with the registrations in the matrix. After the
resetting of the trigger circuit 443, the “and” circuit 445
cannot become conductive any more and the trigger cir-
cuit 448 can no longer be set as a result of the establish-
ment of inequality. The beginning of the next series of
comparisons causes the trigger circuits 443 to be set again
at the same moment as the trigger circuits such as trigger
circuit 501, which control the stepping circuits.

The trigger circuit 452 should only be in the set con-
dition after complete equality has been established. It
must consequently be reset before the starting of the
setting of another line of the board. In the example
described, this is effected immediately after it is set as a
consequence of the fact that by resetting the trigger cir-
suit 207 it has completed its task. When the trigger cir-
suit 207 is reset, the conductor 209 obtains a high poten-
tial. The potential of this conductor is applied to the
“and” circuit 459 by way of conductors 392, 316 and the
cables 330, 428, 518, 429. It is true, that the resetting
of the trigger circuit 207 puts an end to the operation of
the rapid synchronization system. However, this syn-
chronization system completes its cycles and consequently
still provides once again a pulse S,, which is applied to
the second input circuit of the “and” circuit 459, and
thereby causes the trigger circuit 452 to be reset.

In the interval, however, during which the comparison
cycles are performed, the trigger circuit 207 is set and
the potential of the upper input circuit of the “and” cir-
cuit 459 js, therefore, low so that the synchronizing pulse
S, has no influence upon the trigger circuit 452.

The pulse, which is applied by the trigger circuit 452
to the output circuit 463 is also applied to the wire with
the index E in FIGURE 5 and causes, in this way, the
resetting of the trigger circuit 501, etc., which were not
reset during the previous series of cycles. These trigger
circuits are the circuits allotted to columns in which, on
the selected row, no display units are present. In this
way, it is prevented that, in the future while setting a
longer line, the display units in the said columns will start
too early. The said wire E is connected to “or” circuits
in the control circuits for resetting the said trigger circuits.

If for some reason a display unit cannot reach the re-
quired position, or is unable to send back the code ele-
ments corresponding to its setting, a cycle during which no
inequality is established, will never occur. The system
then continues to operate and to effect comparison cycles.
In the system described, special measures are taken for
giving an alarm under these circumstances. For the pur-

75 pose of giving an alarm signal under these circumstances,
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a bistable trigger circuit 433 and a monostable circuit 436
are present. The trigger circuit 433 is set by the fifth
extraneous synchronizing pulse, which is. applied to one
of the input circuits of the “and” circuit 431 if, at the
same fime, the potential of the other input circuit of this
“and” circuit receives a high potential from the code
recognizer 357, by way of the conductor 359, because this
recognizer has established that the signal SL has. been
registered in the flip-flop storage 352, that is, when the
transmission of information to the display board has just
been completed and the board can start the setting of its
units. Only under these circumstances can this trigger
circuit be set. It is reset after a very short interval when
the second line in the magnetic matrix storage is selected
again. Before this occurs, however, the monostable trig-
ger circuit 436 is set by the combined influence of the high
potential applied to the input circuit 434 of the “and”
circuit 435 by the first programming wire P;, when: the
first line in the matrix storage is selected and the high
potential applied to the upper input circuit by the trigger
circuit 433 in the set condition.

The monostable trigger circuit 436 resets itself after an
interval which is long enough for the normal setting op-
eration of a row of the display board to be effected. An
alarm signal is given at the output circuit 438 of the “and”
circuit 437 when the following conditions are met:

(1) The trigger circuit 436 is reset, which means that
the setting of the row should be ready.

(2) The trigger circuit 448 is set, which means, that
during the Iast comparison cycle inequality has been es-
tablished.

(3) The pulse S; is applied to the input circuit 449 of
the “and” circuit, which means, that comparison cycles
are performed.

(4) The code recognizer 357 applies a high potential
by way of line 359 to the input circuit 432 of the “and”
circuit, because a comparison cycle has just been com-
pleted.

The last condition prevents an untimely alarm.

The way in which the synchronizing pulses are gener-
ated will be elucidated by describing the system for sup-
plying the rapid internal synchronizing pulses, which is
shown in detail in FIGURE 2. A relaxation generator
288 generates pulses. The duration of these pulses is
equal to the duration of the pulse interval,

Be it assumed, that at a given moment, the two trigger
circuits 294 and 295 are in the reset condition, and that,
at that moment, the generator 288 produces a pulse. The
conductor 296 IV has a high potential at this moment be-
cause trigger circuit 295 is in the reset condition, so that
the said pulse will be able to set the trigger circuit 294
by way of the “and” circuit 290. This causes the con-
ductor 296 I and the left-hand input circuit of the “and”
circuit 292. to obtain a high potential. During the pulse
interval, the inverter 289. applies a high potential to the
upper input circuit of this “and” circuit so that the trigger
circuit 295 is set. This causes the conductor 296 III as
well as the right-hand input circuit of the “and” circuit 291
to obtain a high potential. The next pulse received from
the relaxation generator 288 will then be able to reset
the trigger circuit 294 by way of the “and” circuit 291,
During the next pulse interval, the inverter 289 produces a
pulse, which is able to pass the “and” circuit 293 and to
reset the trigger circuit 295, because the right-hand input
circuit of the said “and” circuit is connected to the con-
ductor 296 II, whose potential is high as a result of the
resetting of the trigger circuit 284, The original condi-
tion of the system is then restored. These cycles are con-
tinuously repeated. The conductors 296 I, IT, III and IV
are arranged in a matrix with the wires 269/1, 2, 3, 4, by
way of which the synchronizing circuit supplies its pulses.
Each conductor in the group 296 is connected by way of
two diodes arranged as an “and” circuit with two of the
conductors in the group 296. During the presence of the
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first pulse described above, the conductors 269 1 and IV
have a high potential causing the first conductor in the
group 26% to obtain high potentials. In the first pulse
interval, the conductors I, III in the group 286 have a
high potential, so that conductor 2 in the group 269 ob-
tains a high potential.  During the second pulse interval,
the conductors IT, III in the group 296 have a high poten-
tial, causing the conductor 3 in the group 269 to obtain a
high potential, and in the second pulse interval the con-
ductors IT, IV in the group 296 have a high potential, caus-
ing the conductor 4 in the group 269 to obtain a high
potential. It is obvious, that the “and” circuits in the
matrix are not shown completely and that, for instance,
the resistances by means of which the wires in the group
269 are connected to a voltage source are not shown.

The circuits used for establishing whether the various
display units have already reached their desired positions.
can also be used in order to establish in similar compari-
son cycles whether the selection of the line has actually
been effected correctly. A system in which such a check
on the selection is effected, is obtained if in the complete
circuit FIGURE 6 is inserted between the FIGURES 4
and 5. The cable 614 carries the various programming
wires to.the cables 518 in FIGURE 5, while. the cable
615 is the continuation of the cable 518. The cable 618
is the connection between the comparison circuit 464 and
the cable 540 to which signals. in teleprinter code are
applied by the code converter 536. The conductors 623
and 624 are the continuations of the conductors. 538 and
53% in FIGURE 5. By means of the system shown in
FIGURE 6, the excited row selecting relay transmits back
the two figures by means of which it was selected, This is
effected by means of two matrices. Each of these two
matrices signals back in feleprinter code one of these fig-
ures. Each matrix possesses ten horizontal wires such as
691 or 607. Each of these wires is allotted to one of the
figures 0-9. Each of the row selecting relays possesses
two special contacts for signalling back its member. The
back side of such a contact is connected to a negative
potential and the front side to zero potential, One of
these contacts of a Tow selecting relay is connected by
way of a diode. to that wire in the matrix shown at the
left-hand side of the figure, which is allotted to the first
figure or digit in the. number by means of which the relay
was selected. The other contact is connected by way of a
diode to that wire in the second matrix, which is allotted
to the second figure in the said number. I, e.g., the relay

A2 is selected it switches over the contacts 662 and 608.

The contact 602 connects, in the left-hand matrix which
must transmit the first figure, the wire 661, which is al-
lotted to the figure 1, to ground. The diodes. between this
wire and the other contacts connected to this wire block
the path to negative potential, The contact 608 connects
in a similar way zero potential to the conductor 607 which
is allotted to the figure 2 in the other matrix. The vertical
wires in these two matrices correspond to the bits in the
signals to be transmitted. The first five conductors deter-
mine the five significant bits which indicate the figure to
be transmitted, while the sixth wire transmits the shift-key
signal (in this case an unvariable bit and always indicat-
ing: figures). The seventh wire effects the transmission
of the seventh or parity element used for checking pur-
poses. Each of the horizontal wires in the matrix is con-
nected by means of a diode such as 603 to each of the
vertical wires allotted to the bits which must be of a cer-
tain type, e.g. 1 for the transmission of the figure to which
the said horizontal' wire is allotted. The vertical wires.
are connected by way of resistances not shown in the
figure to a source of negative potential, so that the diodes
connected to such a wire form an “or” circuit. As soon.
as a line selecting relay is excited the bits to. be trans-
mitted in order to signal back the number of this relay
appear at the input circuits of the groups of “and” circuits
604 and 609.
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Tn order to elucidate the operation of the checking sys-
tem, a concise description will now be given of the opera-
tion of the display board when it includes the circuit
shown in FIGURE 6. The writing of the information in
the core matrix storage is effected in the way already de-
scribed above. Because the rapid synchronization is non-
operative during this writing, neither the setting circuits
for the display units nor the checking system can become
operative. Then the ring counter, controlled by the rapid
synchronization, passes over all the rows in the matrix
storage in which no information is written, after which
the sclection relay groups 409 and 419 are set. This
causes the row selection relay to be excited. During all
these operations effected before the row selection relay is
excited, the two matrices still supply bits which do not
correspond to the selection to be performed. The bi-
stable trigger circuit 235 is, however, during all these oper-
ations, in the reset condition, so that the input circuit 625
has a low potential and the “and™ circuit 616 cannot be-
come conductive, so that the checking circuit shown in
FIGURE 6 remains inoperative, as will be shown later.
At the end of the slow cycle, during which the second set,
of selecting relays is set the trigger circuit 235 is set, as
has been described above. This causes the slow synchroni-
zation system to remain inoperative during the rest of the
setting operations of the system, while, moreover, the in-
put circuit 625 of the “and” circuit 616, which is con-
nected to the conductor 234 in FIGURE 2 obtains a high
potential. This makes the checking circuit of FIGURE 6
operative,

As has been described above, after these selection op-
erations, the rapid synchronization system is put into op-
eration again so that a series of comparison cycles is
performed. During these cycles, first the settings of the
display units are compared with the signals stored in the
matrix storage. Then the ring counter 315 passes over
all the rows on which no information has been written
and stops on row two of the matrix because of the fact
that the operation of the rapid synchronization system is
interrupted in the way described above. When near the
end of the first series of comparison cycles, the first line,
on which the first figure of the indication of the row on
the display board is written, is read, the first program-
ming wire P; obtains a high potential, so that the con-
ductor 605 and all the right-hand input circuits of the
“and” circuits 604 obtain a high potential. The po-
tentials, indicating the bits of the first figure which are
applied to the vertical wires 666 of the left-hand matrix
by the switching over the contact 602 of the row select-
ing relay will then be able to pass the “and” circuits 604
and reach the comparison circuit 464, by way of the cable
612 and the “or” circuit 617. If the selection has been
correctly effected, the comparison circuit 464 applies a
high potential to the conductor 455. T his high potential
is applied by way of “and” circuit 457 and conductor
458 to the “and” circuits such as 500 connected to this
conductor, this has no effect, because no programming wire
applies a high potential to the second input circuit of
any of these “and” circuits. Inversion circuit 454, more-
over, applies a low potential to the conductors 460 and
619 as long as the conductor 455 has a high potential,
so that the “and” circuit 616 cannot become conductive.
If, on the other hand, the signal supplied by the left-hand
matrix does not correspond to the signal written on the
first line of the ring matrix storage, which signal at that
moment is registered in the flip-flop register 352, then the
output circuit 455 of the comparison circuit 464 remains
at a low potential, so that the output circuit of the in-
version circuit 454 applies a high potential to the con-
ductor 619 and the left-hand input circuit of the “and”
circuit 616. The programming wire 605 also has a high
potential, so that, by way of the “or” circuit 611 the
upper input circuit of the “and” circuit 616, obtains a
high potential. The right-hand circuit 625 also has a
high potential because, during the rest of the operations
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performed by a system, the trigger circuit 235 is set, s
that its output circuit 234 applies a high potential to the
input circuit 625. When under these circumstances the
left-hand input circuit 626 receives the third rapid
synchronizing pulse S;. This pulse is able to pass the
“and” circuit and to reach the trigger circuit 626. As
long as the system is operating correctly, this trigger
circuit is in its reset condition, because it is reset by
means of a press button contact 621 when a defect has
been repaired. An incorrect selection, however, causes
the trigger circuit 620 to be set again. This causes the
conductor 622 to obtain a low potential, so that the elec-
tronic switch 541, situated in the stopping pulse supply
conductor 503, becomes non-conductive. In spite of the
incorrect selection the setting of the incorrectly selected
row will conmsequently remain uncharged. During the
reading of the second row the programming wire 610
obtains a high potential, so that the right-hand input
circuits of the “and” circuits 609 obtain a high potential,
and the bits of the signal which are applied to the vertical
wires 606 of the right-hand matrix, by way of the con-
tact of the row selecting relay, are applied, by way of
cable 613 and the “or” circuit 617, to the comparison
circuit 464. By way of the “or” circuit 61%, a high po-
tential, applied to the programming wire Py, is also applied
to the upper input circuit of the “and” circuit 616, so
that, in a similar way, as in the case of the first row, dur-
ing the reading of the second row an incorrect selection
of the row selecting relay causes the setting of the trigger
circuit 620. In this case also the change of the setting
of the selected row is prevented. The high potential, ap-
plied to the left-hand output circuit of the trigger circuit
620 after its sefting, causes an alarm signal 627 to be
made operative. The setting of the trigger circuit 620
does not prevent the system from effecting a number of
comparison cycles. The display units, however, do not
receive stepping pulses any more, so that a cycle in which
no inequality is established will never occur. After a
suitable delay, the alarm circuit with the monostable
trigger circuit 436 will then become operative.

The application of the invention is not restricted to the
control of the setting of a display board by means of a
core matrix storage device. The information concerning
the desired setting of the display board may also be stored
temporarily in a magnetic drum storage device. FIG-
URE 7 shows schematically, in block diagram form, an
embodiment of the storage part of a system according
to the invention in which a magnetic drum storage device
is utilized. This storage device comprises a drum 760,
which is rotated around its axis with a rotational speed of
e.g. 3,000 rotations per minute. The information related
to the setting of the display unit in a certain column of
the display board is registered on a certain straight line
on the drum. Only a part of the surface of the drum is
used for storing this information. Immediately after this
part of the drum has passed under the magnetic head,
fixed registrations on the drum control the generation of
a stepping pulse. Such a pulse is maintained during half
a rotation of the drum. Then follows an interval cor-
responding to % of the duration of one rotation of the
drum during which the various parts in the display units
have time to settle to the state of rest. Then the first line
containing a registration of information appears undet
the magnetic heads. Just as in the first example, signals
with seven bits are received for the purpose of controlling
the setting of the display units. The bits of these signals
are registered on seven circular tracks, which pass under
the magnetic heads 705. A second set of magnetic heads
704 controls the programming. These heads cooperate
with fixed registrations on the drum. On each line on
which a signal for controlling the setting of a display
unit is registered a fixed registration is present indicating
the column in which the unit to be set is situated. If
a certain line is under the heads, these heads read simul-
taneously the signal indicating the desired setting as well
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as the number of the column in which the unit to be set
is situated. The drum, moreover, possesses seven tracks
with - fixed  registrations, read by the same number of
heads, which supply the various synchronizing pulses for
the system. The indication of the display unit to be
set and the desired setting of this unit, received from the
drum storage are temporarily stored in flip-flop registers,
included in the circuits 703 and 752. This is effected
successively for all the units on the selected row of the
board. During the interval during which the data for the
setting of a unit in a certain column are transferred to
these registers, four successive synchronizing pulses, re-
ceived from the magnetic heads 702 I, II, III and IV
are successively applied to four conductors, They divide
the said interval in to four partial intervals. These
synchronizing pulses control the operation of the system
in a similar way as the rapid synchronizing pulses of
the first embodiment. Furthermore the drum possesses
three synchronization tracks with fixed registrations pro-
ducing one pulse per rotation of the drum. These tracks
cooperate with the heads 761 A, B, and C. The magnetic
head A produces a pulse when the line on the drum on
which the first registration is stored, is removed 14 of a
rotation from the heads, The magnetic head B produces
a pulse when the said line nearly has reached these heads
and the magnetic head C produces a pulse as scon as
the part of the circumference of the drum on which in-
formation has been stored has passed the magnetic heads.
The moment of occurrence of the pulses may be derived
from the detail 759 on FIGURE 7. In the following
description of the operation of the system reference will
be made to diagram which consists in the FIGURES 7,
4, 6 and 5 arranged side by side in this order from left
to right. Be it assumed that the drum is rotating, that
the last setting of the display board has been completed
and that the transmitter is calling the display board by
sending its call-signal over the common channel 750 in
order to provide it with information related to a new
setting. The system is in its quiescent condition. This
means that the trigger circuits 721, 724, 727, 730, 733,
736 and 732 are all in the reset condition as will be
described below. The call signal is applied to the display
board circuit through seven conductors in the common
channel 750 It is unable to reach the writing circuits
of the drum for the seven “and” circuits 712 cannot
pass them at that moment, because the conductor 716

has a low potential The bits of the signal, however, are

able to reach by way of the cable 717 the code recognizer
718, which, if the signal received is actually the call-signal
of the display board described, applies a high potential
to the upper input circuit of the “and” circuit 719. The
call-signal is, however, also used in normal traffic and in
order to prevent this signal, when used in normal traffic
to start the operation of any display board, the “and”
circuit 719 is normally blocked. When the signal is
used as a call-signal, however, the distant sender, by
way of conductor 720 in the common channel applies a
high potential to the right-hand input circuit of the “and”
circuit 719, so that, in this case and in this case only, the

trigger circuit 721 is set after which applies a high po-.

tential to the upper input circuit of the “and” circuit 722.
The pulse, generated by the magnetic head A is applied to
the input circuit 723 of the said “and” circuit 722. The
first A pulse generated after the setting of the trigger
circuit 721 will consequently set the trigger circuit 724.
As soon as the registration area on the drum is reached
the head 701B generates a pulse which is applied to vari-
ous circuits including the conductor 726. Because the
trigger circuit 724 is set at that moment and the upper
input circuit of the “and” circuit 725 has a high poten-
tial, the B pulse is able to pass the “and” circuit 725 and
to set the trigger circuit 727. This trigger circuit then
applies a high potential to the wire 745 and the lower input
circuit of the “and” circuit 743 so that the synchronizing
pulses received from. the heads 702, by way of the “and”
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circuits 743 and the four wires 744 in the comman channel
are passed to the transmitter, which reads to them by
transmitting its information in the rhythm of the drum
circuit, determined by the received synchronizing pulses.
The situation of the fixed registration on the drum makes
sure, that this operation always starts at the beginning
of a cycle. If necessary, the “and” circuit 725 may be
provided with a third input circuit to which the pulse 702 I
is applied. Because the trigger circuit 727 is in the set
condition and the trigger circuit 739 in the reset condition
both wires 715 and 716 have a high potential, so that the
bits which are received through the seven wires 714 in
the common channel and applied to the seven “and” cir-
cuits 712 are able to reach the writing amplifier 716. The
writing moment is determined by the synchronizing pulse
762 II which is applied to the input circuit 713 of the
writing system. All data, including the clearance signal,
are then written on the storage. drum, just as.in the core
matrix storage of the first embodiment.  The clearance
signal in this case is only used to indicate the end of the
information received. It is not required for starting the
further operation of the system, for the drum rotates con-
tinuously and, if certain trigger circuits such as 727 have
been set, it automatically starts the next phase in the oper-
ation. As soon as the end of the registration area on. the
drum has been reached, the magnetic head 761C pro-
duces a pulse. This pulse sets the stepping pulse trigger
circuit, which is not shown in FIGURE 7. When this
trigger circuit is set, a stepping pulse voltage is applied
by way of an electronic device controlled by this circuit to.
the display board. The display board is, however, still
not in the setting phase and the stepping pulse generated
immediately after the writing has been completed does
not reach the stepping magnets. The pulse generated in

. ‘the. magnetic head 701C is moreover applied to the input

circuit 729, and because the trigger circuit 727 is in the
set condition, it sets, by way of the “and” circuit 728, the
trigger circuit 738, This causes, in the first place, the
conductor 715 to obtain a low potential, so that the “and”
circuits 712, which join the writing amplifier 719 to the
common channel, are blocked. Furthermore, the “and”
circuits 743 are made non-conductive, so that no more
synchronizing pulses are sent to the transmitter. For the
time being the system is consequently unable to receive
information from the common channel. As soon as the.
drum has reached the beginning of the storage area again,
a pulse is produced by the magnetic head 761B which is
applied to various circuits including the input circuit 732
and, because the trigger circuit 730 is set, it is able to pass
the “and” circuits' 731 and to set the trigger circuit 733
which applies a high potential to the conductor 768 so
that, in the first place, the “and” circuits 757 become con-
ductive for the synchronizing pulses generated in the four
heads 702. These pulses are then applied by way of con-
ductors 755 as rapid synchronizing pulses to the various
parts of the system.. These pulses replace the rapid syn-
chronizing pulses supplied by the output circuits 299 in the
embodiment previously described. Furthermore, because.
of the high potential applied to the conductor 768, the six
trigger circuits in the system 7063 become. able to react to
the pulses generated in the six magnetic heads 764. The
first synchronizing pulse ¥, which is applied to the input
circuit 706 I resets all the trigger circuits in the system
703, while the synchronizing pulse IT which is received by
way of the input circuit 766 II, permits the trigger circuits
to react to the pulses generated in the six magnetic heads
704, which set them accordingly. For this purpose, the
pulses generated in the heads 704 flow by way of “and”
circuits possessing an input circuit connected to the wire
708 and an input circuit connected to the wire 786 II.
When a line on the drum upon which the setting of the
display unit in the- selected line and a certain column of
the selected line is scanned, pulses received from the head
704 set the trigger circuits in the programming system

- 783 in-such a way, that they indicate in the code used for
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this purpose the column in which the said display unit is
situated. The six bits received from the drum can be ar-
ranged according to sixty-four different signals. This
means, that a selection can be made out of sixty-four posi-
tions. Be it assumed that the display board possesses no
more than one hundred rows and that each line contains
no more than forty display units. The programming cir-
cuit must then be able to select one out of forty-two pro-
gramming wires. Two of these wires are used for the
selection of the line on the board, while the other forty
wires each indicate a column of the display board. For
this purpose the programming system 703 must be able to
select a distinct programming wire for each of the permu-
tations of the settings of the trigger circuits in the register
in this system. This is effected in a well-known way by
means of a matrix circuit possessing forty-two program-
ming wires in one direction and in its other direction two
wires for every trigger circuit, one of these wires having a
high potential if the trigger circuit is set and the other if
the trigger circuit is reset. Each programming wire is con-
nected, by means of diodes arranged according to an
“and” circuit to six wires from the trigger circuits. If,
for the selection of a certain programming wire, a certain
trigger circuit must be set, then the said programming wire
is connected, by way of a diode to the wire, which obtains
a high potential when the said trigger circuit is set. If,
on the other hand, the said trigger circuit must be reset,
then the other wire from the said trigger circuit is con-
nected to the said programming wire by means of a diode.
After the wire 708 has obtained a high potential as a
result of the setting of the trigger circuit 733, during the
scanning of a line on the drum, the programming system
applies a high potential to the programming wire corre-
sponding to that line and comprised in the cable 707.
This may be a wire indicating a display unit, the setting of
which is stored on the said line. It may also be the pro-
gramming wire, which controls that part of the row selec-
tion operation the data for which are stored on the said
row. During the following rotation of the drum only the
row selection is effected, because, as will be shown later
on, the comparison circuit is still inoperative. The line
selection is effected by means of a circuit which in prin-
ciple is the same as the circuit shown in the upper part
of Figure 4. Slow synchronizing pulses are not produced,
however, because the rotation of the drum after the set-
ting or resetting of the trigger circuits in the system 407,
421 leaves time enough for the relays in the systems 409
and 419 to rearrange their armatures in accordance with
the new selection. Instead of the pulses T; and T3, the
normal synchronizing pulses received from the system
756 are applied to the “and” circuits 408 and the wire 405
in order to set or reset the trigger circuits in the system
407. These pulses are, however, also supplied after the
selection has been effected, so that special measures must
be taken for preventing these pulses from reaching the
said circuit elements any more after the selection has been
made. For this purpose the pulses which are to replace
the slow synchronizing pulses are not received directly
from the output circuit 755, but by way of an “and” cir-
cuit 758, which is conductive only as long as the trigger
circuit 736 is in its reset condition.

- After the selection has been effected, in the way de-
scribed above, the synchronizing pulses C and A are gen-
erated again by the heads 701 C and-A. The latter pulse
is applied to the input circuit 735 and sets the trigger
circuit 736 by way of the “and” circuit 734 which is
conductive because the trigger circuit 733 is in the set
condition. This puts an end to the supply of synchroniz-
ing pulses to these parts of the circuit, which in the first
embodiment react to the slow pulses. As soon as the
beginning of the storage area is reached, a pulse is gen-
erated again by the head 701 B, which pulse is applied to
various circuits including the input circuit 738 of the
“and” circuit 737. The said pulse passes this “and” cir-
cuit and sets the trigger circuit 739 because the trigger
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circuit 736 is in its set condition and applies a high poten-
tial to the upper input circuit of 737, The setting of the
trigger circuit 739 initiates the comparison cycles, for
which purpose it applies a high potential to the conductor
740. It is remarked that the control circuits for the rest
of the setting operations of the display board substantially
correspond to those shown in FIGURES 4 and 5. The
said high potential of the wire 740 is applied to the left-
hand input circuit of the “and” circuit 461, which in this
embodiment is inserted in the connection 455. This
causes the comparison circuit to become operative. Fur-
thermore, this high potential is applied to an extra input
circuit 542 of the “and” circuit 519 so that, only after the

setting of the trigger circuit 739, stepping pulses can reach
the stepping magnets. During the following rotation of
the drum, the trigger circuits in the reading amplifier 752
are successively set in accordance with the registered
signals. For this purpose the first synchronizing pulse
I applied to the input circuit 751 I resets all trigger cir-

cuits in the reading amplifier while the second synchroniz-

ing pulse, applied to the input circuit 753 11, connects the

trigger circuits in a similar way as in the programming

circuit 763 to the magnetic heads in order that they may

be set in accordance with the registrations scanned. Dur-

ing the rest of the interval between two succesive lines on

the drum, such a signal remains stored in the trigger cir-

cuits. By way of the cable 747 and the “and” circuit 749

and the cable 754 these signals are supplied to the cable

430 and the comparison system 464. The programming

circuit 703, in the way described above, determines the

display unit, the setting of which is applied to the compari-

son circuit at the same moment. The settings of all dis-

play units are now successively compared with the signals

stored in the drum storage. This is effected completely in

the way described in connection with the first embodi-

ment. If the registration on the drum corresponds to the

setting of a unit to be set, then a trigger circuit, such as

501, is reset. The display unit in the said column will then

receive no stepping pulses any more. After the completé

cycle of comparisons has been effected, the drum reaches

the end of the storage area so that a pulse C is generated

which initiates a stepping pulse. This pulse causes the

units, the trigger circuits, such as 581, of which still are

in the set condition, to take a step. The pulse is termi-

nated by the occurrence of pulse A after which the code

contacts in the units have time to settle. During the next
rotation of the drum, another series of comparison cycles

is performed. The series of comparison cycles are inter-

rupted as soon as all display units bave reached their
desired settings. This is effected also in thise case by
means of the trigger circuits 434 and 448. Moreover, also

in this embodiment, an alarm signal is given, by means

of the mono-stable trigger circuit 436 and the bi-stable

trigger circuit 433, if the correct settings are not reached
in due time. If it is desirable for the row selection to be

checked, FIGURE 6 is inserted between the FIGURES 4
and 5. The input circuit 625 of the “and” circuit 616
is, in this embodiment, connected to the left-hand output
circuit of the trigger circuit 736 so that the checking op-
erations cannot be started before the selection has been’
effected. Just as in the first embodiment, the checking
operation of the selection is repeated in each series of
comparison cycles.

In this second embodiment, some special measures are
required because of the different construction of the pro-
gramming and synchronization arrangements. The trig-
ger circuit 433 must be set when, at the end of the recep-
tion of information, the release signal is received. In
this second embodiment, however, the reception interval
during which information is received cannot be character-
ized by a special external synchronizing pulse. Conse-
quently, the “and” circuit 433 must react to the fourth
synchronizing pulse supplied by the magnetic head 702
IV, instead of to the external synchronizing pulse Us.
The fact that the release signal was established during a
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reception interval is made known in this embodiment by
two extra input circuits of the “and” circuit 431, one of
these connected to the conductor 742 and the other to the
conductor 715.

It is furthermore impossible for the trigger circuit 452
to put an end to the setting operations by switching off
the synchronizing circuit in the way described for the first
embodiment. In the second embodiment this trigger cir-
cuit resets all trigger circuits in FIGURE 7 by way of
the conductor 463. The synchronization system does not
dispose of means which ensure the completing of a cycle,
and, for this purpose, the connmection for the resetting
mentioned above comprises the “and” circuit 761 which
reacts to the fourth synchronizing pulse. The resetting
of the trigger circuit 452 canot be made dependent on
the starting of the external synchronizing system. The
upper input circuit of the “and” circuit, therefore, receives
a high potential from the output circuit 762 of the trigger
circuit 721.

In order to prevent the reception of a call before the
trigger circuit 452 has been reset, the “and” circuit 719
possesses an input circuit connected to the conductor 462
and the code recognizer 718 is only able to recognize a
call sign during the presence of the second synchronizing
pulse. It is remarked that the reading circuit 752 auto-
matically reacts to the received signals. The connection
to the wire 715 then causes a reduced sensitivity. The
code recognizer 748 is used to recognize the clearance sig-
nal and is operative also during the reception. It then ap-
plies a high potential to the output circuit 746.

The above system according to the invention has only
been described for a display board whose units are
driven by stepping magnets. It is obvious that the system
can also be used with boards the display units of which
are driven mechanically. An example of such a display
board is described in the Belgian patent specification
560,106. In this case a coordination must be established
between the mechanically driven parts of the system and
the electrical circuits. In a system according to FIGURE
7, this can be effected in a very simple manner by com-
bining the mechanical driving systems of the display board
and the drum or by driving both devices by synchronous
motors connected into the same source of alternating cur-
rent. In the system of the type described first the coordi-
nation can be effected in various ways. In a special em-
bodiment. the display units are driven by a synchronous
motor and the alternating voltage feeding this motor is
also applied to the rectifier 261 in FIGURE 2, which auto-
matically ensures the coordination. In another embodi-
ment the mechanically drving system of the display units
drives an interrupter producing pulses which are used in-
stead of the pulses produced by the pulse shaper 262
in the first embodiment. These pulses occur during the
stepping of the unit. They are applied to the circuit
263 which caused the coordination to be effected.

What we claim is:

1. A system for simultaneously setting a plurality of
movable elements, each of said movable elements includ-
ing position-indicating means for indicating the actual
positional setting of the movable elements; and a pulse-
responsive driving electromagnetic means for step-by-step
setting of the movable element, said driving electromag-
netic means including an electromagnetic winding, said
system comprising:

a source of electrical stepping pulses:

a plurality of controlled switching means for selectively
connecting said source of electrical stepping pulses
to each of said electromagnetic windings respectively;

a plurality of signaling-back means, each of said signal-
ing-back means being responsive to the position-in-
dicating means of one of said movable elements,
respectively, for generating position-indicating sig-
nals in coded form representing the actual position of
the associated movable element;

a magnetic storage means including a plurality of stor-
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age register for storing signals in coded form repre-
senting the desired position of each of said movable
clements, respectively.

a comparison means. incloding a first input means for
receiving the signals stored in said magnetic storage
means and a second input means for receiving the sig-
nals from said signaling-back means, said comparison
means including output means for generating an
equality control signal when the signals received at
said first and second input means represent the same
position; ‘a plurality of controlled gating means for
connecting each of said signaling-back means to the
first input means of said comparison means;

and sequential programming means including means
for simultaneously selecting from said magnetic stor-
age means and transferring tothe second input means
of said comparison means the signals from a storage
location associated with a particular movable ele-
ment and energizing the controlled gating means as-
sociated with said particular movable element so that
said comparison means compares the signal repre-
senting the desired position and the signals repre-
senting the. actual position of said particular mova-
ble element;

each of said controlled switching means being connected
to the output means of said comparison means and
said sequential programming means to prevent the
further transmission of stepping pulses from said
source of stepping pulses to the electromagnetic
winding of its associated movable element when the
output means of said comparison means generates
an equality control signal resulting from the com-
parison of the signals representing the desired and
actual positions of the associated movable element,

2. The system according to claim 1, wherein each of
said controlled switching means includes a bistable cir-
cuit means including means for establishing a connection
between: said source of electrical stepping pulses and the
electromagnetic winding of the associated movable ele-
ment when the bistable circuit means is in a first state
and for opening said connection when the bistable circuit
means is in a second state, each of said bistable means in-
cluding first and second input means for receiving signals
to trigger the circuit means to the first and second states,
respectively, said second input means being connected to
said comparison means and said sequential programming
means, and said system further comprising means for
initially transmitting a signal to the.first input means of
each of said bistable circuit means.

3. The system according to claim 1, further compris-
ing a signal code converter means connected to one of
the input means of said comparison means for converting
the coded form of the signals transferred to said one
input means to the coded form: of the signals received at
the other input means.

4. In a system for simultaneously setting the movable
elements of a group of such elements, a plurality of such
groups of elements, a separate electronic step-by-step driv-
ing mechanism for each movable element, a driving elec-
tromagnetic winding in each step-by-step driving mecha-
nism, a common pulse source for controlling simultane-
ously the supply of pulses to the electromagnetic windings
in the driving mechanisms of movable elements to be set
simultaneously, a common pulse line for each group,
means for connecting said common pulse supply line to
one end of the driving electromagnetic windings of the
group, a group-selecting means for connecting one of said
common pulse supply lines to said common pulse source,
a common pulse supply conductor for each set of mova-
ble elements which have corresponding positions in the
various groups, means for connecting the other ends of
the driving electromagnetic windings of the set to said
conductor, and electronic switch in each pulse supply
conductor for starting and stopping the pulse supply to
said conductor, and a separate control ineans. for each of
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said electronic switches, a plurality of signaling-back con-
ductors for each set of movable elements for transmitting
a bit in a code signal indicating the position reached by an
element in the set and plurality of signaling-back contacts
associated with and controlled by each movable element
to be closed or opened, depending on the position of said
element, connecting means between one side of each such
signaling-back contact and a signaling-back conductor al-
lotted to the set of elements to which the element control-
ling the contact belongs, a plurality of signaling-back
selection lines each allotted to a group of movable elements
and connected to the other side of all signaling-back con-
tacts controlled by the movable elements of that group
and selectable by said group-selecting means by connect-
ing it to a point of predetermined potential, a common
code signal comparison means including an output cir-
cuit and a first and a second set of input circuits a separate
electronic switch in each signaling-back conductor for
connecting the signaling-back conductor to a common
connecting circuit allotted to the same bit as the signaling-
back conductor and electric connection means between
the connecting circuit and the first set of input circuits of
the common code signal comparison means, a separate
electronic switch for each control circuit for connecting
it to the output circuit of the common comparison means,
common programming circuits for controlling the elec-
tronic switches in the signaling-back circuits related to a
certain set of movable elements and the separate elec-
tronic switch for the control circuit related to the same set
of movable elements, a common «ata storage means pro-
vided with separate locations for storing a code signal
designating the desired position of one movable element
of a group of such elements to be set simultaneously, a
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common programming means provided with means for 35

successively selecting the locations in the data storage
means and controlling the reading of the code signal
stored therein and the transmission of this code signal to
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the second set of input circuits of the code signal compari-
son circuit and for applying simultaneously with the selec-
tion of a certain location a given voltage to one of the
common programming circuits for causing the electronic
switches controlled by the said common programming cir-
cuit to conduct, means included in the common code sig-
nal comparison means for applying, on the establishment
of equivalence of the signals applied to the first and the
second set of input circuits, a voltage to the output cir-
cuit of the common code signal comparison means
for switching over the control circuit connected fo
this output circuit to a condition in which it makes
the electronic switch controlled by it suppress the
pulse supply to the pulse supply conductor connected
thereto, and means for starting the programming means
for a complete sequence of operations, during which all
locations storing signals are read, in the interval between
two successive pulses supplied by the common source.

5. The system of claim 4, wherein said group-selecting
means includes a plurality of electromagnetic relays and
further comprising a source of slow synchronizing pulses
for controlling the setting of said relays and a source of
higher frequency synchronizing pulses for controlling the
comparisons made by said comparison means.
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